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RESUMEN

La presente tesis doctoral pretende estudiar las malformaciones genitales feme-
ninas, especialmente complejas, haciendo hincapié en su clasificacion y en la co-
rreccion quirurgica de la agenesia vaginal. Para ello, se han desarrollado dos lineas
de investigacion:

En primer lugar, se ha realizado un estudio comparativo de técnicas quirurgicas
para la correccion de la agenesia vaginal. Se ha desarrollado a partir de un ensa-
yo clinico en el que se analizo la modificacion de la técnica quirdrgica de Mclndoe
empleando la proétesis neovaginal de acido polilactico PACIENA®, sin injerto de piel.
Pudimos, por tanto, comparar la técnica y tiempos quirurgicos, asi como otras varia-
bles, entre pacientes intervenidas con la técnica clasica y la modificada sin necesidad
de injerto dérmico.

En segundo lugar, se ha llevado a cabo una revision sistematica de las malforma-
ciones genitales desde el ambito de su clasificacion. Son muchas las clasificaciones
existentes en la literatura para catalogar una malformacion pero, a dia de hoy, sélo la
clasificacion embriologico-clinica se basa en la correlacion entre el origen embriolo-
gico y la anomalia observada en todo el tracto genital femenino, incluyendo el siste-
ma urinario. Con este trabajo se ha conseguido probar la aplicabilidad y la idoneidad
de la clasificacion embriologico-clinica frente a otras clasificaciones empleadas y se
ha podido presentar un registro de software para asistir en este proceso.



ABSTRACT

This doctoral thesis aims to study complex female genital malformations, doing
much in their classification and in the surgical correction of vaginal agenesis. To this
end, two lines of research have been developed:

At first, a comparative study of surgical techniques for the correction of vaginal
agenesis was developed. This was possible based on a previous clinical trial that
had examined the modification of the McIndoe surgical technique using the poly-
lactic acid neovaginal prosthesis (PACIENA®) and no skin graft. Therefore, we were
able to compare the surgical technique and surgical times, as well as other varia-
bles, between patients operated on with the classical technique and the modified
one without the need for skin grafting.

Secondly, a systematic review of genital malformations was carried out from the
scope of their classification. There are many existing classifications in the literature
to catalog a malformation but, today, only the embryological-clinical classification is
based on the connection between the embryological origin and the anomaly obser-
ved throughout the female genital tract, including the urinary system. With this work
it has been possible to prove the applicability and suitability of the embryological-
clinical classification compared to other classifications used and propose a software
development to assists the clinicians with this task.
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1.1. Generalidades

Las malformaciones del aparato genital femenino incluyen aquellas anomalias
que se producen en el desarrollo embriologico de los genitales tanto externos como
internos [11.

Las malformaciones genitales femeninas son frecuentes, apareciendo en el 3%
de todas las mujeres, en el 4 % de las mujeres estériles y en el 15 % de aquellas que
presentan abortos de repeticion [2] . Sin embargo, no siempre son detectadas, cau-
sando importante sintomatologia y, por tanto, afectacion de la calidad de vida de la
paciente.

Estas frecuencias se refieren fundamentalmente a las malformaciones genitales
comunes que afectan a la cavidad uterina; no obstante, las malformaciones genita-
les complgjas, que afectan también al sistema urinario o a otros niveles del aparato
genital, son menos frecuentes.

La causa directa no es conocida a pesar de las muchas teorias e hipotesis al res-
pecto. El estudio genético y la incidencia familiar es dificil de investigar aunque esta
claro que existe; el cariotipo es, generalmente, normal y el desarrollo embrionario
del tracto genital y la cadena de acontecimientos anatomicos que llevan a la pro-
duccion de malformaciones son mejor conocidos [3].

Para su clasificacion es fundamental conocer la embriologia del tracto genital
femenino y los procesos de desarrollo mulleriano: fusion, reabsorcion y desarrollo
posterior. Asi pues, la tendencia en la literatura cientifica ha sido seguir las clasifica-
ciones basadas en el desarrollo mulleriano; sistemas como el de la American Fertility
Society (AFS) [4], o la clasificacion de anomalias genitales femeninas de la Sociedad
Europea de Reproduccion Humana y Embriologia (ESHRE) / Sociedad Europea de

19



20 1.2. Recuerdo Embriolégico

Endoscopia Ginecologica (ESGE) [51.

Sin embargo, estas clasificaciones son solo utero-vaginales, y no nos aportan in-
formacion sobre el origen de la malformacion. Por el contrario, la clasificacion embrio-
logico-clinica de las malformaciones genitales femeninas propuesta por Acién en
1992, modificada en 2004 [6] y actualizada en 2011 [7], se basa en la correlacion entre
el origen embriologico y la anomalia observada en todo el tracto genital femenino,
incluyendo el sistema urinario, con el fin de poder completar el diagnostico.

1.2. Recuerdo Embriolégico

Es en el espesor de la cresta urogenital donde se encuentra el conducto me-
sonéfrico o de Wolff y los tubulos mesonéfricos; en la superficie lateral externa de
dicha cresta encontraremos una invaginacion que constituye el conducto parame-
sonéfrico o de Muller. Véase Figura 1.1,

Figura 1.1: Formacion de la gonada indiferenciada y cresta urogenital.
Corte transversal, embrion 6 semanas.

Tomada de Tratado de Obstetricia y Ginecologia. Pedro Acién. Ediciones Molloy.

Los conductos mesonéfricos o de Wolff presentan unos 80 pares de tubulos que
caudalmente desembocan en el seno urogenital. De su extremo mas caudal parte
la yema ureteral que al crecer se dirige hacia el metanefros para formar alli el rinon
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definitivo.

Los conductos paramesonéfricos o de Muller se aproximan y se fusionan en su
extremo caudal formando el primordio uterino. Estos no llegan a abocar al seno uro-
genital (como lo hacen los conductos de Wolff) sino que por debajo del primordio
uterino y por encima del seno urogenital queda un cumulo de células mullerianas
que constituiran el tubérculo de Muller. La porcion craneal de ambos conductos de
Muller formara las trompas de Falopio, mientras que las porciones caudales, fusio-
nadas, daran lugar al utero (hasta el orificio cervical externo). Vease Figura 1.2.

Sin embargo, es importante destacar que, para el correcto desarrollo y fusion de
los conductos de Muller, la reabsorcion del septo intermedio y la formacion del utero
normal, es precisa la funcion inductora de los conductos mesonéfricos o de Wolff,
localizados lateralmente y que actuan como elemento “guia” [3].

o b T aal ] T iwans

Figura 1.2: Desarrollo de los conductos genitales.

Tomada de Tratado de Obstetricia y Ginecologia. Pedro Acién. Ediciones Molloy. Ediciones Molloy.

La formacion de la vagina, por otro lado, no es conocida con seguridad y de ahi
su controversia. No obstante, diversos estudios experimentales y el analisis de casos
de mujeres con malformacion genital permitieron proponer la hipdtesis embriologica
de la vagina [8]. Segun ésta, la vagina procede de los conductos mesonefricos o de
Wolff fusionados junto al tubérculo de Muller.

Asi pues, los conductos de Muller fusionados formarian el Utero hasta el orificio
cervical externo (OCE) inducidos por los conductos mesonéfricos que descienden a
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ambos lados. Despues, estos conductos mesonéfricos, por debajo del OCE, se en-
gruesan formando los bulbos sinuvaginales, incorporandose las células del tubércu-
lo de Muller a la placa vaginal, cuya cavitacion es tapizada por células mullerianas
con un epitelio cuboideo o paramesonéfrico. A continuacion, por induccion metapla-
sica o por epidermizacion desde el seno urogenital, la vagina se tapiza por epitelio
plano, escamoso, poliestratificado.

Hay estudios experimentales [9] que han conseguido probar esta teoria en la for-
macion de la vagina en ratas, confirmando experimentalmente la hipotesis embrio-
logica de la vagina humana, formada por células de los conductos de Wolff y pos-
teriormente, cubiertas por células del tuberculo de Muller. Véase Figura 1.3.

“onductos de Maller

czos de Maller
Conductos de
Wolfr

Tubérculo
de Miiller

Seno

; ! Yema
¥ urogenital

ureteral

Remancites
néfricos

> Seno urogenital (

C

Figura 1.3: Hipotesis sobre la embriologia de la vagina humana.

Tomada de Tratado de Obstetricia y Ginecologia. Pedro Acién. Ediciones Molloy.

Es relevante recordar, pues, que ante el efecto “guia” de los conductos de Wolff
y que éstos desembocan en el seno urogenital brotando la yema ureteral, la lesion
distal de alguno de estos dos conductos producira:

= Agenesia renal en el lado de la lesion.
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» Hemivagina ciega o atresia vaginal de ese mismo lado.

= Anomalias uterinas, defectos de fusion o reabsorcion, por fallo en la accion in-
ductora.

Con estas ideas pueden explicarse la practica totalidad de las anomalias que
afectan al aparato genital femenino, basandonos en la embriologia.

1.3. Clasificacion de las malformaciones

Una correcta clasificacion de las malformaciones del aparato genital femenino
es fundamental para evitar innecesarias e inadecuadas intervenciones quirurgicas y
comparar los resultados reproductivos. Un sistema de clasificacion ideal debe ba-
sarse en la etiopatogenia y debe sugerir una estrategia terapéutica adecuada [7].

Existen diversas clasificaciones para la catalogacion de anomalias genitales, en-
tre las que encontramos la clasificacion americana [4], europea [5] o VCUAM [10].

La clasificacion de la American Fertility Society (1988) [4] consta de siete grupos
basicos que fueron analizados esencialmente con base en el desarrollo mulleriano.
Los hallazgos que se refieren a la vagina, el cérvix, las trompas de Falopio, los ovarios
y el sistema urinario deben tratarse por separado. Los subgrupos en los que se divide
esta clasificacion son los siguientes, véase también Figura 1.4:

[EN

. Agenesia e hipoplasias
2. Utero unicorne

3. Utero didelfo

4. Utero bicorne

5. Utero septo

6. Utero arcuato

7. Anomalias relacionadas con la exposicion al sindrome DES.,
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| Hipoplasia/Agenesia Il Unicorne Il Didelfo
a) Vaginal b) Cervical a) Comunicante b) No comunicante
ﬁ IV Bicorne
c) F ndica d)Tub rica e) Combinada i i i | i i i i
¢) Sin cavidad d) Simple a) Completa b) Parcial
V Septo VI Arcuado VIl Relacionado con DES
f-W\ W\ (dietilestilbestrol)

c) Completo b) Parcial i i i i

Figura 1.4: Clasificacion American Fertility Society (1988).
Tomada de The American Fertility Society classifications of adnexal adhesions, distal tubal
occlusion, tubal occlusion secondary to tubal ligation, tubal pregnancies, mullerian anomalies and
intrauterine adhesions. Fertil Steril. 1988 Jun;49(6):.944-55.

Recientemente, la American Society of Reproductive Medicine (ASRM) publico
una actualizacion de la clasificacion de la American Fertility Society, en la que pre-
tenden mantener la simplicidad al mismo tiempo que expande la clasificacion para
intentar incluir todas las categorias de anomalias [11].

También contamos con la clasificacion VCUAM [10] presentada por Oppelt P et al
en 2005 para evaluar pacientes con diferentes malformaciones genitales. Con ella
se describen las anomalias de los 6rganos genitales femeninos segun la anatomia
asignando una numeracion a: vagina (V), cervix (C), utero (U) y anexos (A). Las mal-
formaciones asociadas se asignan al subgrupo (M) segun se presenten alteraciones
del sistema renal, esquelético, cardiaco o neurologico.

Por otro lado, contamos con la clasificacion de la Sociedad Europea de Reproduc-
cién Humana y Embriologia con la Sociedad Europea de Endoscopia Ginecologica
ESHRE/ESGE, publicada en 2013 [5]. Se trata de una clasificacion basada en la ana-
tomia. Las anomalias se clasifican segun las siguientes clases:
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» UO, utero normal

» U1, utero dismorfico

m U2, utero septado

» U3, utero bicorporeo

= U4, hemi-utero

m U5, Utero aplasico

m UG, para casos aun sin clasificar.

Las clases principales se dividen en subclases que expresan variedades anato-

micas con importancia clinica. Véase Figura 1.5. Las anomalias cervicales y vaginales
se clasifican de forma independiente.

|

gy Sy

Y r

a T-shaped & Others

WYAVAY4

& Pamial b. Comglote ¢ Booporeal seplate

o

& With rudimantary canity B, Wilhout nudimentary cavity

Figura 15: Clasificacion ESHRE/ESGE (Grimbizis et al, 2013).
Tomada de The ESHRE/ESGE consensus on the classification of female genital tract congenital
anomalies. Hum Reprod. 2013 Aug; 28(8): 2032-2044.
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Las clasificaciones hasta ahora citadas son utero-vaginales y, por tanto, no apor-
tan informacion sobre el origen de la malformacion. Por el contrario, contamos con
la clasificacion embriolégico-clinica de las malformaciones genitales femeninas pro-
puesta por Acién [7], basada en la correlacion entre el origen embriologico y la ano-
malia observada en todo el tracto genital femenino, incluyendo el sistema urinario:

1. Agenesia o hipoplasia de la cresta urogenital.
En estos casos habra ausencia de rindn, ovario funcionante, trompa de Falopio,
hemiutero y hemivagina (indetectable) del mismo lado. Encontraremos utero
unicorne en el lado contralateral a la agenesia. Los casos tambiéen pueden estar
asociados a anomalias vertebrales y/o auditivas [12], [13] y pueden presentarse
de dos formas diferentes:

11 Con agenesia mulleriana bilateral: sindrome de Rokitansky con agenesia re-
nal unilateral.

1.2 Utero unicorne con agenesia renal contralateral.

2. Anomalias mesonéfricas por fallo o ausencia en el conducto de Wolff que desem-
boca en el seno urogenital y del que brota la yema ureteral.

Esto dara lugar a duplicidad uterina (por la ausencia de la funcion inductora del
conducto mesonéfrico o de Wolff sobre los conductos de Muller) con atresia
vaginal o hemivagina ciega y agenesia renal ipsilateral. Se trata de malforma-
ciones complejas que pueden presentarse de la siguiente forma:

2.1 Duplicidad uterina, hematocolpos en hemivagina ciega y agenesia renal ip-
silateral.

2.2 Duplicidad uterina, pseudoquiste de Garther en la pared anterolateral de
vagina permeable y agenesia renal ipsilateral.

2.3 Duplicidad uterina, reabsorcion parcial del septo intervaginal (a veces, ob-
Jetivado solo en el tercio superior de la vagina o como un ojal en la pared
anterolateral de la vagina permeable) y agenesia renal ipsilateral,

2.4 Duplicidad uterina con comunicacion entre ambos hemiuteros, atresia va-
ginal o cérvico-vaginal y agenesia renal ipsilateral.

2.5 Duplicidad uterina sin comunicacion entre ambos hemiuteros, atresia vagi-
nal o cérvico-vaginal y agenesia renal ipsilateral. Habitualmente, presenta
hematometra, menstruacion retrograda y endometriosis.
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3. Anomalias mullerianas, uterinas o utero-vaginales aisladas.

Pueden afectar a los conductos de Muller, al tubérculo de Muller o a ambos,
produciendo diferentes malformaciones:

3. A Afectacion del conducto paramesonéfrico o de Muller (este grupo incluye
las anomalias uterinas aisladas comunes que se pueden clasificar segun
el sistema AFS):
3.Al Agenesia o hipoplasia uterina.

3.A.2 Utero unicorne, generalmente acompafado de cuerno atrético rudi-
mentario y anejo normal en el lado contralateral. El cuerno rudimen-
tario cavitado y no comunicado también puede estar presente.

3.A.3 Utero didelfo.
3.A4 Utero bicorne: completo (bicorne-bicollis) o parcial (bicorne-unicollis).
3.A5 Utero septo: completo (septo) o parcial (subsepto).
3.A6 Utero arcuato.
3.A.7 Anomalias relacionadas con el sindrome DES, utero hipoplasicos, ute-
ro en Ty Utero tricavitado.
3.B Afectacion del tubérculo de Muller:

3.B.1 Atresia o agenesia vaginal o cervico-vaginal completa.
3.B.2 Atresia segmentaria vaginal. Tabiques vaginales transversos.

3.C Afectacion de los conductos y del tubérculo de Muller:
Agenesia utero-vaginal completa. Sindrome de Rokitansky o sindrome MRKH.

4. Disfunciones del gubernaculo y masas uterinas accesorias cavitadas.

5. Anomalias del seno urogenital.

Incluye casos de himen imperforado, membrana urogenital persistente, fistulas
vésico-vaginales congénitas, anomalias cloacales y otras que muestren fistulas
recto-vaginales y anomalias gastrointestinales y del tracto urinario.

6. Malformaciones combinadas.

Incluye casos en los que se combinan anomalias mesonéfricas, mullerianas
y/0 anomalias del seno urogenital, asi como, sindromes que asocian displasia
renal hereditaria o hipoplasia pulmonar.
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A lo largo de nuestro trabajo, nos centraremos en probar la aplicabilidad y la ido-
neidad que tiene esta clasificacion embriolégico-clinica [7] frente a las clasificacio-
nes unicamente uterinas que no utilizan la base de la embriologia para explicar la
anomalia.

1.4. Diagnéstico

Para el diagnostico de las malformaciones genitales pueden utilizarse diversas
técnicas. Principalmente, debe realizarse una correcta anamnesis y exploracion fisi-
ca con especuloscopia y tacto combinado, acompanada de la ecografia (preferible-
mente via vaginal o transrectal) [1l.

La ecografia es de gran ayuda diagnostica, pudiendo definir la morfologia uteri-
na, retenciones menstruales relacionadas con hematocolpos, hematometra, hema-
tosalpinx o endometriosis, asi como, la posibilidad de detectar dos cuerpos uterinos
O su ausencia. Hoy en dia, podemos apoyarnos en el uso de la ecografia en 3 di-
mensiones. Ademas, la ecografia nos puede orientar a la existencia o ausencia de
rinén, que debera buscarse de forma sistematica ante la sospecha de malformacion
genital [3].

Otras pruebas complementarias que nos dirigen al diagnostico de una malforma-
cidon genital son la histerosalpingografia, la histeroscopia y la laparoscopia, asi como,
la urografia intravenosa y la cistoscopia para estudio del sistema renal. Por ultimo,
contamos con la Resonancia Magnética Nuclear (RMN), siendo en algunos casos
fundamental para completar el diagnostico y de gran ayuda para la planificacion de
la terapéutica quirurgica [3].

1.5. Tratamiento

En cuanto a la correccion de las malformaciones genitales, no es posible deter-
minar un tratamiento uniforme debido a la gran diversidad de situaciones y combi-
naciones; no obstante, cuando es requerido, casi siempre sera quirurgico.

En nuestro trabajo enfocamos el tratamiento en la correccion quirurgica de la
agenesia vaginal. Se trata de una malformacion genital que puede observarse en
el Sindrome de Rokitansky (presente en 1 de cada 5.000 mujeres), en el Sindrome
de Morris (1 de cada 64.000 mujeres) o en la asociacion MURCS (-Mullerian aplasia,
renal aplasia, cervicothoracic somite displasia- en 1 de cada 50.000 mujeres), por
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lo que se incluye entre las enfermedades llamadas raras. Sin embargo, a pesar de
la rareza de esta patologia, la afectacion en la calidad de vida de las pacientes y su
importancia sobre la fertilidad, hacen que su tratamiento sea crucial.

Eltratamiento de la agenesia vaginal debe orientarse en la formacion de una neo-
vagina, técnica que debe retrasarse hasta el momento en el que se desee iniciar las
relaciones sexuales. En todos los casos, la buena disposicion psicologica y madurez
de la paciente para mantener correctamente las dilataciones y moldes, es de gran
importancia. Y pueden realizarse técnicas quirurgicas o no quirurgicas para este fin
[11.

Las técnicas no quirurgicas se basan en la aplicacion de presion con dilatacion en
la zona del introito. Es el llamado método de Frank [14], fundamentado en la dilata-
cion continua durante varios meses, precisando dilatadores que van aumentando su
tamano. Se trata de una técnica no exenta completamente de riesgos cuya principal
aplicacion es en aquellas pacientes que presentan, de inicio, una depresion profunda
en la zona del introito.

En cuanto a las técnicas quirurgicas, existen diversas desde que en 1938, Whar-
ton, combinara la creacion de un espacio vaginal entre la vejiga-uretra y el recto
con el mantenimiento de este espacio mediante un molde, esperando la autoepi-
telizacion. Posteriormente, se desarrollo la técnica de Mcindoe [15], con el empleo
de un injerto de piel, siendo éste el procedimiento de eleccion. Se han planteado
modificaciones de la técnica, y es que, ademas de los injertos de piel (tomados del
muslo, gluteo o region hipogastrica), se han descrito injertos de peritoneo, amnios,
colgajo de piel pediculado, intestino delgado o intestino grueso, para este proposi-
to. EL uso de mucosa bucal autéloga es prometedor y ha dado buenos resultados
pero, como cualquier otra técnica con toma de injerto, implica un mayor humero
de dias de ingreso para prevenir complicaciones y el riesgo de tejido cicatricial en
la zona donante [16], [17]. El uso de un injerto de piel estaria justificado y no puede
considerarse una desventaja cuando el paciente necesita una segunda intervencion
con extirpacion de piel. Este es el caso de la cirugia de confirmacion de género o
si el procedimiento neovaginal se realiza con abdominoplastia simultanea o mamo-
plastia de reduccion [18], [19], [20]. Por otro lado, contamos con alternativas como la
vulvoplastia de Williams [21], que consiste en la creacién de una vagina con la piel
de los labios, quedando para aquellos casos en los que otras técnicas no hayan res-
pondido adecuadamente; y la operacion de Vecchietti [22] en la que se combina un
dispositivo de traccion constante en la zona del introito con unos anclajes que pasan
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por la pared abdominal, colocados por laparoscopia.

Como hemos visto, son multiples las técnicas quirurgicas que pueden ser apli-
cadas en la correccion de la agenesia vaginal, siendo la tecnica quirurgica de Mcin-
doe la mas habitual y menos invasiva. Sin embargo, en muchos casos, las protesis
empleadas habitualmente presentan problemas, entre los que se encuentran los di-
senos no anatomicos, pesados e incomodos para la usuaria, lo que se anade a la
necesidad del recubrimiento externo con tejido de la propia paciente. Para solven-
tar esto, se cred la protesis neovaginal PACIENA® (modelo de utilidad 201630650)
[23] que puede ser recubierta de un material absorbible contra adherencias llamado
Interceed®. Véase Figura 1.6. Esta proétesis se describe en el presente trabajo por-
que, tras colaborar en su prueba de concepto, llevada a cabo a traves de un estudio
clinico multicentrico piloto, pudimos comparar la intervencion quirurgica clasica de
Mclndoe con la técnica modificada empleando la protesis PACIENA® sin injerto de
piel, con el objetivo de determinar si los tiempos quirurgicos y de hospitalizacion
mejoran, consiguiendo una opcion terapeutica mas conveniente para las pacientes
con agenesia vaginal.

Figura 1.6. Prétesis PACIENA®
Tomada de Acién et al. Clinical pilot study to evaluate the neovaginal PACIENA prosthesis® for

vaginoplasty without skin grafts in women with vaginal agenesis. BMC Women's Health. 2019.19:144.
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1.6. Objetivos del estudio

En este trabajo se han seguido dos lineas de investigacion en el ambito de las
malformaciones genitales femeninas, por lo que podemos definir dos objetivos bien
diferenciados.

1.6.1. Estudio comparativo

Para el estudio comparativo entre técnicas quirurgicas, el objetivo fue comparar
los resultados del estudio multicéntrico PACIENA con un histérico de casos con age-
nesia vaginal intervenidos segun la técnica clasica de Mcindoe, con el fin de apoyar
una modificacion en la técnica quirurgica. La hipotesis de este trabajo fue, por ende,
que la técnica quirurgica de Mclndoe modificada por el uso de la protesis neovagi-
nal de acido polilactico PACIENA® permite una cirugia mas sencilla, sin necesidad de
injerto cutaneo y por tanto sin cicatrizacion en la zona donante de piel, a la vez que
reduce los tiempos quirurgicos y de hospitalizacion, registrando unos buenos resul-
tados funcionales y brindando satisfaccion a la paciente al compararlo con casos
historicos operados con la técnica tradicional.

1.6.2. Revision sistematica

Por otro lado, el objetivo de la revision sistematica fue probar la aplicabilidad y la
idoneidad de la clasificacion embriolégico-clinica de las malformaciones genitales
femeninas [7] para catalogar apropiadamente todos los casos reportados en la litera-
tura correspondientes a malformaciones genitourinarias, complejas o no. La hipote-
sis en este caso fue que la clasificacion embriologico-clinica es altamente recomen-
dable ya que permite clasificar practicamente todas las malformaciones y ademas
es mas idonea que otros sistemas de clasificacion existentes porque en su empleo
dirige los estudios ayudando al clinico en su practica diaria habitual.
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Capitulo 2
Estudio comparativo tecnica
quirurgica en agenesia vaginal

Se trata de un estudio comparativo, observacional, retrospectivo, enfrentando los
resultados de los casos estudiados en el ensayo clinico PACIENA, pacientes con age-
nesia vaginal intervenidas con la técnica de Mcindoe modificada empleando la pro-
tesis neovaginal PACIENA® sin injerto de piel, y los de un grupo de control histoérico,
intervenidas segun la técnica clasica.

2.1. Material y Métodos

2.11. Poblacion

El ensayo clinico piloto incluyé a 7 pacientes con agenesia vaginal (6 con Sindro-
me de Rokitansky y 1 con Sindrome de Morris) reclutadas entre mayo de 2017 hasta
mayo de 2018 e intervenidas en dos centros de referencia. EL grupo control ha inclui-
do a 9 pacientes intervenidas en el Hospital Universitario de San Juan (desde 1992
hasta 2015) segun la técnica clasica de Mclndoe por un mismo equipo de cirujanos.

Los datos de las pacientes control se obtuvieron mediante la revision de historias
clinicas, previa aceptacion por el Comité Etico de Investigaciones Clinicas del Hos-
pital Universitario de San Juan (CEIC - Codigo de Comité 18/336, aprobado el 30
de octubre de 2018), a traves de un cuaderno de recogida de datos. Por otro lado,
los datos de los casos se pudieron obtener a traves de la base de datos en SPSS
realizada para la publicacion del ensayo clinico.

Los criterios de inclusion y exclusion empleados para ambos grupos fueron los
siguientes:

33
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m Criterios de inclusion:

- Para los casos:

o Mujeres con diagnostico de agenesia vaginal por Sindrome de Roki-
tansky o Sindrome de Morris que deseen la realizacion quirurgica de
neovagina siguiendo la técnica de Mclndoe.

o Mayores de edad o, en todo caso, menores con autorizacion parental.

o Firma del Consentimiento informado.
- Para los controles:

o Mujeres con diagnostico de agenesia vaginal intervenidas en el Hos-
pital Universitario de San Juan segun la técnica de Mcindoe clasica,
desde 1992 hasta 2015.

m Criterios de exclusion:

+ Para los casos:

o Mujeres que presenten cualquier patologia medica (metabolopatia,
coagulopatia, patologia cardiovascular, respiratoria, intestinal -Crohn,
patologia rectal-) que contraindique la cirugia o que pueda empeorar
los resultados de la intervencion quirurgica neovaginal.

o Menores de edad sin autorizacion parental.

o Existencia de cualquier cirugia reconstructiva neovaginal previa.
- Para los controles:

o Larealizacion de cualquier otro tipo de cirugia neovaginal distinta a la
técnica de Mcindoe.

2.1.2. Variables

El objetivo principal del estudio fue verificar si realmente se trata de una ciru-
gia mas sencilla, con mejores tiempos quirurgicos y de hospitalizacion, mantenien-
do buenos resultados funcionales y de satisfaccion por parte de la paciente. Para
ello, se analizo el tiempo quirurgico (duracion de la intervencion desde la induccion
anesteésica) como variable principal, que se complemento con una serie de variables
secundarias; éstas fueron:
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» Edad de la paciente en la intervencion.

» Edad al diagnostico.

» Hemorragia durante la intervencion.

» Otras incidencias durante la intervencion.
» Duracion del ingreso.

= Aspecto de la neovagina en la valoracion con espéculo (1° mes, 2°-4° mes, 6°-
12° mes).

» Sintomas de la paciente en dos periodos (1°-4° mes, 6°-12° mes).

= | ongitud de la neovagina a los 1-2 meses.

» Necesidad de cambio a dilatador de mantenimiento de menor tamano.
» Epitelizacion adecuada de la vagina.

= Tiempo que transcurre hasta el inicio de las relaciones sexuales.

» Satisfaccion de las relaciones sexuales (al 4° y al 6° mes).

2.1.3. Analisis estadistico

Se cred una nueva base de datos con casos y controles que permitio comparar
resultados de ambos grupos. El analisis estadistico se realizé mediante el paquete
SPSS Statistics, version 25 (IBM, Espana).

Se llevo a cabo un analisis de estadistica descriptiva empleando tests no parame-
tricos. Para determinacion de frecuencias y distribucion con las variables cualitativas
se utilizaron tablas de contingencia y comparacion de proporciones. Las pruebas de
correlacion, Chi-cuadrado y U de Mann-Whitney, se utilizaron para comparar gru-
pos y parametros. Para las variables cuantitativas o numeéricas, se aplicaron test no
parametricos para datos apareados, y el test de Wilcoxon en variables dicotomicas.

En todos los test estadisticos, se considerd una diferencia estadisticamente sig-
nificativa con un valor de p inferior a 0,05.
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2.2. Resultados

Ya en el ensayo clinico PACIENA se consiguio el objetivo primario del estudio,
que fue obtener un resultado vaginal satisfactorio en términos de apariencia, fun-
cion y sensacion sin presentar morbilidad adicional relevante. Posteriormente, para
el estudio comparativo se recopilaron los datos de estas pacientes y los datos del
historico de casos (se describen en la Tabla 2.1) sin encontrar diferencias estadistica-
mente significativas en la edad de las pacientes en el momento del diagnostico y en
el momento de la intervencion entre ambos grupos (p=0,17), aspecto relevante que
puede influir en los resultados de satisfaccion sexual.

Tabla 2.1: Pacientes del estudio comparativo.

Paciente Edad al Edad en Diagnostico Duracion Tiempo de Longitud
diagnéstico la cirugia (min) hospitalizacion neovagina
(dias) (cm)
CASO 1 13 17 Rokitansky 85 5 9,0
CASO 2 14 19 Rokitansky 90 14 8,0
CASO 3 18 25 Rokitansky 80 2 10,0
CASO 4 18 26 Rokitansky 80 2 11,0
CASO 5 13 19 Rokitansky 90 3 9,0
CASO 6 16 20 Morris 90 19 6.5
CASO 7 16 21 Rokitansky 90 7 90
CONTROL1 15 16 Rokitansky 150 24 7.0
CONTROLZ2 17 18 Rokitansky 110 10 70
CONTROL 3 16 20 Rokitansky 130 18 7.0
CONTROL4 16 25 Rokitansky 150 9 8.0
CONTROL5 16 19 Rokitansky 165 11 6,0
CONTROL6 16 21 Rokitansky 180 10 6,0
CONTROL7 16 18 Rokitansky 135 10 4,0
CONTROL8 17 17 Rokitansky 180 12 7.0

CONTROL9 14 14 Rokitansky 200 17 70
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Se ha podido comprobar una mejoria de los tiempos quirurgicos, destacando una
duracion de la intervencion de 86.43 minutos * 4.75 (95 % Cl 82.03 - 90.83) frente a
155.56 minutos £ 28.44 (95 % CI1 133.69 - 177.42) del grupo control, siendo la diferencia
estadisticamente significativa (p=0,00). Vease Figura 2.1.
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Figura 2.1: Duracion de la intervencion (minutos).

En cuanto a la duracién del ingreso hospitalario tras la intervencion (vease Figura
2.2), la media para los casos fue de 743 dias + 6.6 (95 % Cl 1.32 - 13.54); mientras que
en los controles fue de 13.44 dias + 51 (95% CI 952 - 17.37). Se pudo observar un
intervalo muy amplio en el grupo de casos debido a que la paciente con sindrome
de Moirris intervenida (recordamos que contamos con 6 pacientes con sindrome de
Rokitansky y 1 con sindrome de Morris), que posteriormente abandond el estudio,
estuvo un largo periodo de tiempo ingresada. Por este motivo, tras eliminar de la
base de datos a esta paciente obtuvimos una media de ingreso en los casos aun
menor, de 550 dias + 45 (95% CI 0.68 - 10.32), y una diferencia estadisticamente
significativa entre ambos grupos (p=0,012).

Se consiguio, a los 1-2 meses de la intervencion, una longitud de la neovagina
mayor en las pacientes con cirugia sin injerto de piel y protesis PACIENA® con una
media de 893 cm + 142 (95 % Cl 7.61 - 10.25) frente al grupo control, que obtuvo una
media de 6.56 cm + 1.13 (95 % CI 5.69 - 742). A pesar de esta diferencia estadistica-
mente significativa (p=0.005) en la longitud vaginal, no hubo diferencias en cuanto a
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las relaciones sexuales, teniendo en cuenta el inicio o no de las mismas, o si hubo
dispareunia o estas fueron satisfactorias.

Duracion del ingreso (en dias)

oARD CORT=OL

Caaos - Controlas

Figura 2.2: Duracion del ingreso (dias).

2.3. Discusion y motivacion

La necesidad de realizar una neovagina por agenesia vaginal puede tener un ori-
gen congenito o atender a otras situaciones como la reasignacion del genero o ser
consecuencia de la formacion de sinequias tras una cirugia, radioterapia o ablacion,
entre otras causas. En cualquiera de estas situaciones, el grado de afectacion de la
calidad de vida de la paciente, por afectacion de la imagen corporal y de la esfera
sexual, hace que este tipo de técnicas quirurgicas tengan gran relevancia y sea nece-
saria su evolucion y mejora para conseguir resultados cada vez mas favorables y con
menor morbimortalidad. Esta es la motivacion de nuestro estudio comparativo, en el
que se evidencia una disminucion del tiempo quirdrgico y de hospitalizacion con
la técnica quirurgica sin injerto de piel empleando la préotesis neovaginal PACIENA®
consiguiendo buenos resultados anatdmicos, incluyendo una mejoria en la longitud
vaginal y sin cambios respecto a la satisfaccion en las relaciones sexuales, ya que, se
supera el limite de 6 cm que ha sido senalado en la literatura como necesario para
obtener satisfaccion coital [24].
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La diferencia entre la mayoria de las técnicas quirurgicas de neovagina se en-
cuentra en el material empleado para revestir la neovagina: injertos de piel, perito-
neo y amnios, han sido descritos para este proposito. Ya en 1994, Jackson et al [25],
presento los resultados tras la intervencidon de cuatro mujeres con agenesia vaginal
sometidas a la construccion quirurgica de una neovagina utilizando una malla de
adhesion absorbible (Interceed®) para cubrir un stent hinchable, con buenos resul-
tados anatomicos y funcionales. En nuestro estudio, la duracion de la cirugia en las
pacientes intervenidas segun la técnica sin injerto de piel con el uso de la protesis
PACIENA® fue de 86.43 minutos de media, similar al tiempo que obtuvo Zhang et
al [26] en su estudio de 2017, en el que muestra los resultados tras vaginoplastia
con Interceed® en cuarenta pacientes. Sus resultados anatémicos y de funcionali-
dad sexual fueron tambien satisfactorios. Igualmente fueron excelentes los resulta-
dos de Motoyama et al [27] en 2003, tras la intervencion de 10 pacientes empleando
un molde recubierto con Interceed®, consiguiendo una correcta epitelizacion de la
neovagina entre 1y 4 meses; asi como, los resultados de 2 casos presentados por
Inagaki et al [28] en 2009, con una tecnica quirurgica similar, colocando un molde
cilindrico de resina sintética cubierto de malla absorbible (Interceed®).

En cualquiera de los formatos en los que se realice la técnica quirurgica para la
creacion de una neovagina, esta implicada la introduccion de un stent en la propia
neovagina para mantener su permeabilidad; sin embargo, se han estado emplean-
do protesis que no son anatomicas para la paciente. Para solventar este problema,
algunos autores han propuesto el uso de moldes con diferentes dimensiones o mol-
des personalizados [29], [30]. En 2020, Anagani et al [31] publico los datos de una
modificacion de la técnica de Mclndoe en 52 pacientes en India, con resultados fi-
siologicos y psicologicos a corto plazo aceptables y con una epitelizacion adecuada
de la neovagina entre los 4 y 6 meses. Para ello, emplearon un molde creado con
el tercer digito de un guante quirurgico del numero 8, relleno de gasa no adherente
y cerrado en su porcion inferior con sutura de seda; cubierto con crema antibiotica,
un preservativo y sobre éste, 2 laminas de Interceed®, siendo este molde de carac-
teristicas invariables. En contraposicion, el diseno y las dimensiones de la protesis
PACIENA® (empleada en nuestro estudio) se adapta a la vagina y al area genital ex-
terna aportando confort a la paciente y, esta elaborada con acido polilactico (PLA),
un material biocompatible cuyo efecto sobre el crecimiento de los tejidos ha sido,
previamente, estudiado [32].

A pesar de no tener establecido ningun algoritmo de tratamiento basado en la
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evidencia, la American College of Obstetricians and Gynecologists (ACOG) recomien-
da desde 2002 la terapia de dilatacion como método de primera linea en el trata-
miento de la agenesia vaginal [33], de ahi la importancia de emplear una protesis
anatdémica y adecuada, tanto tras cirugia como en el mantenimiento de la longitud
vaginal. En este sentido, Herlin et al [34] publicd en 2018 un estudio comparativo en
el que se examinaron los resultados anatomicos y las complicaciones de las técnicas
quirdrgicas de la agenesia vaginal frente a las técnicas no quirurgicas (autodilatacion
y dilatacién coital). No hubo diferencias estadisticamente significativas entre la longi-
tud vaginal conseguida con la técnica clasica de Mclndoe frente a la autodilatacion,
pero si una mayor tasa de complicaciones con la técnica quirurgica con injerto de
piel. Estos resultados vuelven a poner de manifiesto la necesidad de emplear una
protesis con caracteristicas excelentes que permita introducir una modificacion a la
técnica clasicay evitar los injertos de piel; esto, lo hemos conseguido con la conjun-
cion de la protesis PACIENA®, por su estructura anatomica y su material de elabora-
ciéon (PLA), y el recubrimiento con malla absorbible contra adherencias (Interceed®).

2.4. Limitaciones e implicaciones practicas

En cuanto a las limitaciones de este estudio se encuentra la baja incidencia de
las enfermedades que cursan con agenesia vaginal, que ha impedido conseguir un
tamano muestral mayor. En el grupo historico de pacientes intervenidas hubo que
descartar algunos historiales por no haberse empleado la técnica clasica de Mcln-
doe y por ello, no ser comparable. Y, por otro lado, precisamente por tratarse de
una cohorte historica, ha habido mayor dificultad para recoger datos concretos de la
exploracion clinica de las pacientes control, que en su dia llevaron un seguimiento
menos homogeneo.

A pesar de la limitacion que plantea el bajo tamano muestral, hemos podido ex-
traer resultados estadisticamente significativos en cuanto a los tiempos quirurgicos
y de ingreso hospitalario tras la intervencion modificada de Mclhdoe empleando la
protesis neovaginal PACIENA®, sin injerto de piel, lo que permite exponer un cam-
bio en la técnica clasica con beneficios, tanto anatdmicos como funcionales, para
aquella paciente que precisa una neovagina.
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2.5. Conclusiones

Nuestro estudio pone de manifiesto una disminucién del tiempo quirurgico y de
hospitalizacion con la técnica quirurgica sin injerto de piel empleando la protesis
neovaginal PACIENA®, con buenos resultados anatomicos, incluyendo una mejoria
en la longitud vaginal y sin cambios respecto a la satisfaccion en las relaciones se-
xuales. Estos resultados nos permiten proponer una modificacion de la técnica clasi-
ca de McIndoe con el uso de dicha protesis y que, ademas, ésta pueda emplearse en
el mantenimiento posterior, adaptandose adecuadamente a la vagina y area genital
externa aportando confort a la paciente.
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Capitulo 3
Revision sistematica de
malformaciones genitales femeninas

Se trata de una busqueda bibliografica de malformaciones genitales femeninas
publicadas desde el ano 2000 a 2020 con el fin de extraer datos en el ambito
de su clasificacion y asi, probar la aplicabilidad y la idoneidad de la clasificacion
embriologico-clinica [71.

3.1. Material y Métodos

Se llevo a cabo una busqueda sistematica en la literatura de casos clinicos con
malformacion genital femenina a traves de Pubmed y Cochrane Database, abarcan-
do desde el ano 2000 a 2020, incluyendo todas las publicaciones de Case Report
con las siguientes combinaciones de términos:

= ‘female genital tract” AND (malformation OR anomaly OR mullerian anomaly
OR uterine anomaly OR cervical anomaly OR vaginal anomaly OR cloacal ano-
maly OR urogenital sinus).

= “female genital tract” AND (renal agenesis OR ectopic ureter).

Se obtuvo un total de 3.124 articulos con el que se inicid el proceso de seleccion.
Este proceso se realizé mediante 2 fases de exclusion: una primera fase de seleccion
por titulo, ejecutada por los 3 autores de forma independiente, recopilando aquellos
articulos que al menos hubieran sido seleccionados por 2 de los 3 autores, acotando
dicha busqueda a 1219 articulos (39 % del total); y, una segunda fase de seleccion por

43
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resumen, cuyo contenido se centrase en la descripcion de la malformacion, delimi-
tando la busqueda a 858 trabajos (27 % del total), que se evaluaron individualmente
para la extraccion de datos.

De los 858 articulos seleccionados, no se pudieron revisar 88 al no tener acceso al
texto completo de los mismos, siendo, por tanto, descartados por no disponibilidad.
Se realizd la lectura completa de los 770 articulos restantes (24 % del total inicial),
descartando 76 articulos cuyo contenido no incluia la descripcion de malformacion.
De los 694 articulos finales, pudimos extraer un total de 824 casos descritos, ya que
algunos trabajos incluian la descripcion de varios casos vy tipos de malformacion.
Veéase Figura 3.1

Articulos encontrados en las bases de datos
(n=3.124)

|

Articulos seleccionados por titulo

(n=1.219)

Articulos descartados por titulo
(n = 1.905)

Articulos seleccionados por abstract

(n = 858)

Articulos descartados por abstract
(n=361)

Articulos descartados por texto
completo no disponible

(n=770) (n = 88)

Articulos que contienen la descripcion
de malformacion
(n = 694)

Articulos descartados por no contener
descripcion de malformacion
(n=76)

I T 1T

[ Articulos leidos en su totalidad

Casos de malformacion descritos
en los 694 articulos
(n = 824)

Figura 3.1: Algoritmo de seleccion de casos de malformacion genital.
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3.1.1. Variables

Cada una de estas malformaciones fue analizada y su descripcion fue introducida
en hoja de datos Excel para Mac version 16.85 (24051214) con las siguientes variables:

Caracteristicas del utero.

» Caracteristicas del cérvix.

» Caracteristicas de la vagina.

= Agenesia renal.

» Pruebas diagnodsticas realizadas.

» Clasificacion o no de la malformacion por parte de los autores del articulo y el
sistema empleado para ello.

= Catalogacion de la malformacion segun la clasificacion embriolégico-clinica [7].

» Coincidencia o no entre ambas clasificaciones (la empleada por los autores y
la clasificacion embriologico-clinica).

3.1.2. Procesamiento de datos

A través de la hoja de calculo Excel pudimos realizar un analisis de datos a fin de
extraer la siguiente informacion:

» Total de casos de malformaciones genitales descritas en la literatura:

- Casos clasificados por sus autores. Diferenciar segun el tipo de clasifica-
cion empleado (clasificacion de la AFS [4], clasificacion europea ESHRE/
ESGE [5], clasificacion embriologico-clinica [7], o por mas de una).

- Casos no clasificados por sus autores.

-+ Casos definidos como inclasificables.
» Total de casos segun la clasificacidon embriologico-clinica [71:

+ Casos clasificados satisfactoriamente.

o Casos clasificados del subgrupo definido como inclasificable.
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+ Casos no clasificados.

- Casos no concluyentes.

= Coincidencia o no de la clasificacion dada por los autores que describen la mal-
formacion respecto a nuestra catalogacion con la clasificacion embriologico-
clinica [7]. Determinar si un unico grupo de malformacion segun el sistema de la
AFS [4] 0o ESHRE/ESGE [5] resulta en varios subgrupos aplicando la clasificacion
embriologico-clinica.

3.2. Resultados

Tras la busqueda bibliografica, se analizo la descripcion de 824 casos de mal-
formacion genital femenina publicados en los 694 articulos seleccionados. Véase
Figura 3.1. De estos 824 casos, solo 159 casos (19,3 %) habian sido catalogados por
sus autores en la publicacion original y 52 del total (6,3 %) fueron descritos como in-
clasificables. Entre los principales resultados del trabajo, destacamos haber podido
clasificar el 89,9 % del total de casos (741 casos) con la clasificacidon embriolégico-
clinica [71y 559 (91,2 %) de los 613 casos no clasificados por los autores en sus traba-
jos, demostrando la aplicabilidad de esta clasificacion. Véase Tabla 3.1.

Tabla 3.1; Clasificacion de casos segun la descripcion de los articulos.

Total casos 824 (100 %)

Clasificados 159 (19,3 %) Con AFS [4] 101 (63,5%)
Con Embriologico-clinica [7] 20 (12,6 %)
Con ESHRE/ESGE 5] 16 (10,1%)
Con mas de 1 clasificacion 22 (13,8 %)

Inclasificables 52 (6,3%) Con AFS [4] 32(615%)
Con ESHRE/ESGE 5] 1(1,9%)
Con ninguna clasificacion 5(9,6 %)
No determinado 4(7.7 %)

No clasificados 613 (74,4 %)
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Ademas, de los 52 casos definidos en sus respectivas publicaciones como “in-
clasificables’, se han podido clasificar con el sistema embriologico-clinico 45 casos
(86,5 %). Con respecto a los 7 casos restantes, tras su revision, se ha concluido que
1 de ellos no se trata de una malformacion genital y los otros 6 casos presentan un
déficit en la descripcidon que no permite su correcta clasificacion.

63 casos (7,6 %) han sido agrupados como “no concluyentes” debido a la falta de
datos imprescindibles en la descripcion de la malformacion obtenida de la publi-
cacion. Se trata una serie de casos en los que falta algun dato anatomico clave que
permita diferenciar entre 2 grupos de clasificacion; principalmente, encontramos de-
ficit en la informacion del sistema urinario.

Otros 20 casos no fueron clasificados con la clasificacion embriologico-clinica, 4
por no tratarse de una malformacion y 16 por faltar en la descripcion del caso datos
suficientes como para no poder siquiera orientar a una clasificacion. Véase Tabla 3.2

Tabla 3.2: Clasificacion de casos segun la Clasificacion embriolégico-clinica tras la revision.

Total casos 824 (100 %)
Clasificados 741(89,9 %)
No concluyentes 63 (7,6 %) Faltan datos anatomicos en el texto para discernir en-

tre 2 tipos de malformacion.

No clasificados 20 ((2,4%) 4 - No se puede demostrar la malformacion genital

16 - Insuficiente descripcion de la malformacion en el
texto

Finalmente, para poder valorar la idoneidad de esta clasificacion, analizamos la
coincidencia o no de la clasificacion propuesta en los trabajos publicados frente a
nuestra catalogacion con la clasificacion embrioldgico-clinica. Como vemos en la
Tabla 3.1, con el sistema de la AFS [4] se describen 101 casos de malformacion ge-
nital del total de clasificados vy, de ellos, sélo 20 casos coinciden con la clasificacion
embriologico-clinica propuesta por nosotros; 8 no coinciden entre si; y en 73 casos
la clasificacion de la malformacion mediante este sistema resulta incompleta. Esto
se debe a que, aun coincidiendo en el tipo de anomalia uterina, no se han tenido en
cuenta caracteristicas del sistema urinario o la vagina.

La matriz de dispersion (Véase Tabla 3.3) muestra que hemos podido clasificar
y subclasificar con mayor precision. Por ejemplo, los 30 casos que habian sido cla-
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sificados como tipo lll segun el sistema AFS (utero didelfo), se han podido subcla-
sificar en cuanto a si estos uteros dobles estaban asociados o no a agenesia renal,
comunicacion entre ambos hemiuteros y ciertos aspectos de la vagina, entre otras
caracteristicas. Es decir, un unico grupo de malformacion segun la clasificacion de la
AFS [4], resulta en varios subgrupos aplicando la clasificacion embriolégico-clinica,
sugiriendo ser, esta ultima, mas especifica, precisa o idonea.

Tabla 3.3: Matriz de dispersién o confusion.

Clasificacion AFS [4]
la la+lb | Ib le I b I v
12 1
21 22 1
21+5 1
23 5
25 2 3 1
25+5 1
3A2 4 17
3A3 1
3A4 5 1
3B1 1 9 1
3Bl1+3A4 1
3B2 1 1 4 2

Clasificacion embriolégico-clinica [7]

3.3. Discusién y motivacién

Las malformaciones genitales femeninas pueden provocar sintomas ginecologi-
cos importantes. La propia malformacion, asi como, el manejo para solucionar los
sintomas, también pueden comprometer la salud reproductiva de las pacientes. To-
do ello ha motivado esta segunda linea de investigacion a traves de una revision
sistematica que comprobara si el sistema de clasificacion embriologico-clinico [7] es
recomendable frente a otros sistemas por ser aplicable e idoneo para ayudar al cli-
nico en el estudio y diagnostico de estas malformaciones genitales en su practica
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diaria habitual, que en ocasiones, puede ser un gran dilema.

Con la presente revision de casos hemos pretendido remarcar la importancia que
tiene el conocimiento de la embriologia del aparato genital y lograr que ésta sea la
base para comprender y clasificar todas aquellas anomalias simples y complejas;
siendo fundamental para evitar intervenciones quirurgicas innecesarias o inadecua-
das y para poder comparar los resultados reproductivos. Asi pues, ante la sospecha
de anomalia genital en una paciente, debemos tener en cuenta una serie de consi-
deraciones embrioldgicas para adoptar el manegjo mas adecuado. Como ya se des-
cribio en el trabajo de Acién et al en 2011 [7], debemos destacar la funcion inductora
de los conductos de Wolff sobre los conductos de Muller, asi como el correcto de-
sarrollo, fusion y reabsorcion de la pared entre estos ultimos, para comprender gran
parte de las anomalias y su relacion con el sistema renal.

Como ya hemos visto, existen diversas clasificaciones propuestas para catalogar
las malformaciones genitales femeninas (AFS [4], ESHRE/ESGE [5], VCUAM [10], en-
tre otras) pero tras la revision de la literatura se ha podido observar la tendencia a
la no clasificacion de los casos descritos; a pesar de ello, la clasificacion mas em-
pleada es la American Fertility Society (AFS) [4]. La clasificacion embriologico-clinica
[7]1 puede diferenciarse del sistema americano (AFS [4]) y del sistema europeo (ESH-
RE/ESGE [5]) porque estos ultimos se centran en las anomalias unicamente uterinas
O utero-vaginales, sin tener en cuenta el sistema urinario u otras anomalias asocia-
das.

En 2015, Di Spiezio et al [35] publico una revision sistematica de casos de malfor-
macion genital en la que se informaba que la clasificacion europea (ESHRE/ESGE)
proporcionaba una descripcion y categorizacion completa de casi todas las anoma-
lias conocidas que no se habian podido clasificar correctamente con el sistema de
la Sociedad Americana de Fertilidad (AFS). En este trabajo, se agruparon los casos
extraidos de los articulos por tipo de malformacion, no por numero de casos, y eso
pudo facilitar que los resultados fueran mas favorables. Ellos definieron que una ca-
racteristica importante de un sistema de clasificacion "ideal" es ser integral, incorpo-
rando todas las variantes posibles y ofreciendo una clara descripcidn y categoriza-
cion. Sin embargo, parece que ni el sistema de clasificacion ESHRE/ESGE [5] ni el
sistema de la AFS [4] pueden considerarse completos porque clasifican anomalias
sin establecer una relacion entre todos los componentes del sistema genitourinario.

Procurando solucionar este problema, en 2021y una vez iniciado ya nuestro es-
tudio, la American Society of Reproductive Medicine (ASRM) [11] publico una actua-
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lizacion de la clasificacion de la American Fertility Society, en la que se pretende
mantener la simplicidad al mismo tiempo que expande la clasificacion para incluir
todas las categorias de anomalias. No obstante, sorprende que no se hayan conside-
rado los conceptos que conocemos actualmente sobre la embriologia genitourinaria
y que el enfoque esté en las anomalias morfologicas o de imagen de los conductos
mullerianos, olvidando que en el desarrollo embrionario del tracto genitourinario fe-
menino participa toda la cresta urogenital, el seno urogenital y el Gubernaculum [8],
[36]. La imagen de la malformacion debe orientarnos a un diagnostico etiologico y
patogénico, asi como, sugerir posibles anomalias asociadas, y esto no se consigue
con la clasificacion americana ni europea.

Por nuestra parte, con las descripciones encontradas en los articulos publica-
dos en la bibliografia, se ha podido catalogar mediante la clasificacion embriolégico-
clinica [7] un alto porcentaje de anomalias (89,9 %), incluso aquellas definidas previa-
mente como inclasificables por sus autores, lo que demuestra que este sistema es
altamente aplicable. Ademas, destacamos también su precision e idoneidad, porque
hemos sido capaces de subclasificar un tipo de malformacion uterina segun datos
del sistema renal, caracteristicas de la vagina o del cervix, y esto puede tener im-
plicaciones en los resultados reproductivos, sabiendo que son mas exitosos en las
pacientes con malformaciones asociadas a agenesia renal [37].

3.4. Limitaciones e implicaciones practicas

En cuanto a las limitaciones que encontramos en la realizacion de esta revision,
destacamos los informes de casos que no lograron describir la anomalia completa,
ignorando caracteristicas cruciales para su clasificacion. Ademas, pudimos observar
que los casos mas complejos son los mas publicados en la literatura, lo que puede
indicar un sesgo.

Mencionar que la tendencia a la no clasificacion ha supuesto otra limitacion para
este estudio, ya que este hecho nos impidio profundizar mas en la evaluacion de la
idoneidad de la clasificacion al no poder comparar.

Resaltar también que, tras el procedimiento de catalogar todas las malformacio-
nes descritas en la literatura, observamos que algunos casos, especialmente aque-
llas anomalias generadas por la afectacion de la conexion entre los conductos de
Muller y el tubérculo de Muller, aparentemente podian no encajar por completo en
la clasificacion embriologico-clinica, lo que motivo una revision y actualizacion de la
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clasificacion, que se encuentra pendiente de publicacion en la actualidad.

A pesar de estas limitaciones, ponemos de manifiesto que la clasificacion embrio-
légico-clinica [7] es un sistema basado en la embriologia, aplicable e idoneo, que
proporciona a los médicos una herramienta eficaz y completa para la clasificacion
de las malformaciones genitales en la practica clinica diaria. En este sentido, plan-
teamos la creacion de una aplicacion informatica que ayudase al profesional en el
diagnostico y clasificacion de las malformaciones genitales complejas. Este software
se ha podido desarrollar a partir de la base de datos obtenida de esta revision siste-
matica y permite la clasificacion de las malformaciones del aparato genito-urinario
femenino, desde las simples uterinas a las anomalias mas complejas. En el supuesto
de no poder establecer la clasificacion definitiva del caso, es capaz de indicar quée
aspectos conviene aclarar (pruebas diagnosticas necesarias) y aportar una orienta-
cidn sobre la mejor resolucion quirurgica, una vez se establece la clasificacion defi-
nitiva. Se llevo a cabo el registro de invencion de software en la Fundacion FISABIO
mediante el formulario FS_FOR048 (humero de registro [-23-02).

3.5. Conclusiones

Tras larealizacion de este trabajo podemos concluir que la clasificacion embriolo-
gico-clinica [7] es altamente aplicable en casos de malformacion genital, al haber po-
dido catalogar el 89,9 % del total de casos, asi como el 86,5 % de los casos definidos
en sus trabajos como inclasificables; y que es idonea, por su capacidad de precisar
y subclasificar un mismo tipo de malformacion uterina segun anomalias urinarias,
vaginales o cervicales, con la implicacion a nivel de sintomatologia y resultados re-
productivos que esto conlleva.

Laimportancia de conocer el trasfondo embriologico permite al clinico tratar ade-
cuadamente cada caso, y tener un sistema de clasificacion con este fundamento
permite una categorizacion efectiva y completa de casi todas las anomalias actual-
mente conocidas del aparato genital femenino.
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Clinical pilot study to evaluate the neovaginal PACIENA prosthesis®
for vaginoplasty without skin grafts in women with vaginal agenesis.

Ensayo clinico, intervencionista, prospectivo y multicéntrico con producto sani-
tario (protesis PACIENA®) con el objetivo de reclutar e intervenir a 8 pacientes con
agenesia vaginal para evaluar la viabilidad y los resultados clinicos de las vaginoplas-
tias usando una protesis neovaginal de acido polilactico, realizada con tecnologia de
impresion tridimensional (3D), tras un periodo de seguimiento de 6 meses.

Se cred quirurgicamente la heovagina segun técnica de Mclndoe modificada sin
injerto de piel y posterior colocacion de la protesis PACIENA® recubierta con Inter-
ceed® y tras 12 dias, se procedid al cambio de la protesis a la version recubierta de
silicona para el mantenimiento diario.

Se pueden lograr buenos resultados anatomicos y funcionales con la proétesis
PACIENA® para vaginoplastias sin necesidad de injerto dérmico.

Registros de impacto a fecha 15/7/2024:
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neovaginal PACIENA prosthesis® for
vaginoplasty without skin grafts in women
with vaginal agenesis

Pedro Acién'' ®, Francisco J. Nohales-Alfonso’®, Maria-Luisa Sanchez-Ferrer’®, Miguel Sanchez-Lozano’®,
Victoria Navarro-Lillo°® and Maribel Acién'

Abstract

Background: To evaluate the feasibility and clinical outcomes of vaginoplasties using a neovaginal polylactic acid
prosthesis made with 3-dimensional (3D) printing technology as an intraneovaginal mould.

Methods: This was an interventionist, prospective, and multicentre clinical pilot investigation of a sanitary product
(PACIENA prosthesis®) aiming to recruit and operate on 8 patients over 6 months with a follow-up period of 6
months. Only six patients with Rokitansky syndrome and one patient with Morris syndrome (7 patients in total)
were operated on in two university hospitals: “La Fe”, Valencia (H1) and “Arrixaca”, Murcia (H2). Interventions:
Extensive surgical dissection of a defined space between the urethra and bladder in the front and of the rectum in
the back as well as insertion of the PACIENA prosthesis® covered with Interceed® were performed. After 12 days, the
prosthesis was changed to the silicone-covered version for daily application.

Results: In the 6 patients with Rokitansky syndrome (86%), the primary endpoint (satisfactory vaginal outcome in
terms of appearance, function, and sensation without relevant additional morbidity) was achieved, although only 2
patients (28%) were sexually active at the end of 6 months of follow-up. The patient with Morris syndrome
withdrew from the study after 1 month. Patients without bacterial colonization showed positive Schiller tests at 1
month, and subsequent biopsies showed adequate keratinization and epidermization. Epithelization and
iodopositivity were delayed in the patients who developed inflammatory granulomas.

Conclusions: Good anatomical and functional results can be achieved with the PACIENA prosthesis® for
vaginoplasties without skin grafts. However, adequate patient selection and education, good surgical techniques
and haemostasis, postoperative support, and prevention of bacterial colonization are important.

Trial registration: This clinical study was approved by the Ethical Clinical Investigation Committee of San Juan
University Hospital on September 27, 2016, to be conducted in the participating centres; it was authorized by the
Spanish Agency of Medicines and Health Products (AEMPS) on April 24, 2017 (exp. no. 585/16/EC), to be carried out
in that hospitals.

Keywords: Vaginal agenesis, Vaginoplasty, Neovaginal prosthesis, Rokitansky syndrome
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Background

Historically, the creation of a neovagina using a split-
thickness skin graft and an inert prosthesis or synthetic
mould to support the newly formed cavity (McIndoe’s
technique) has been the most commonly performed va-
ginoplasty technique [1-4]. However, many other surgi-
cal procedures with different access pathways have also
been performed (i.e., laparoscopic, laparotomic, vaginal,
or combined procedures [5, 6]). On the other hand, mul-
tiple types of tissue have been applied to cover the neo-
vaginal cavity [7]. Good results have been achieved by
simply covering the prosthesis with Interceed” [8], and
other authors [9, 10] have also obtained good results
without using skin grafts, with evidence of squamous ep-
ithelization of the neovaginal vault. Acién et al. [11-13]
suggested that by using a prosthesis made of poly-lactic
acid (PLA, a biodegradable polymer derived from lactic
acid often used as a scaffold in tissue engineering and re-
generative medicine [14, 15] and whose contribution to
epithelization has been studied by different authors [16,
17]) and designed and manufactured with 3-dimensional
(3D) printing technology as a vaginal mould, skin graft-
ing could be avoided, and vaginoplasty would be simpler,
with good anatomical and functional results. We do not
know of any other neovaginal prostheses for humans
with the design, printing and characteristics of our PLA
prosthesis.

Study objective

This study aimed to evaluate the feasibility and clinical
outcomes of vaginoplasty using a PLA prosthesis
(PACIENA prosthesis®’) as an intraneovaginal mould in
patients with vaginal agenesis undergoing surgery fol-
lowing McIndoe’s technique without skin grafts.

Methods

This study was an interventionist, prospective, and mul-
ticentre clinical investigation of a sanitary product
(PACIENA prosthesis®) that aimed at recruiting and op-
erating on 8 patients over 6 months with a follow-up
period of an additional 6 months (Canadian Task Force
Classification 1I-2). This pilot study was approved by the
Ethical Clinical Investigation Committee of San Juan
University Hospital on September 27, 2016, and was au-
thorized by the Spanish Agency for Medicines and
Health Products on April 24, 2017 (exp. no. 585/16/EC),
for 9 participating hospitals (8 in the Community of Val-
encia and 1 in Murcia).

The PACIENA prosthesis® has been introduced as a
new prototype of neovaginal prosthesis adapted to the
vagina of normal women and has been patented (utility
model U201630650, international pub. WO/2017/
203076) [11-13]. The basic and novel features of this
new prototype of prosthesis for neovaginas were
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described in [12]. This prosthesis is 130 mm long, and
the diameter shows a progressive decrease from a max-
imum value of 38 mm up to 20 mm at the lower end to
be located in the introitus; there is a recess in the lower
front part, which is provided for urethral protection.
The prosthesis is hollow to minimize weight and to en-
sure drainage through holes at both ends. A removable
plate is also provided to be attached at the lower end,
with holes to allow for the fixing of fastening tapes or
belts. The prosthesis is made of PLA, a biocompatible
material often used as a scaffold in tissue engineering
and regenerative medicine applications, whose properties
related to epithelial regeneration in different applications
have been reported in the literature [14—17]; the use of
PLA also allows customized design and manufacturing
with 3-dimensional (3D) printing technology. A pros-
thesis that is the same shape but is covered with silicone
with a smoother surface was prepared as a maintenance
device (see Fig. 1).

Inclusion criteria

1) vaginal agenesis due to MRKH (or Rokitansky) syn-
drome or CAIS (Morris syndrome) in women who were
willing to undergo surgery for neovagina creation (McIn-
doe’s technique without skin grafts) after rejection or
failure of previous self-dilation attempts, 2) adult age or
parental authorization for younger patients, and 3)
provision of written informed consent.

Exclusion criteria

1) presence of medical illness (metabolopathy, cardiovas-
cular, coagulation, breathing difficulties, intestinal dis-
ease) that prohibits surgery or compromises the surgical
results, 2) lack of parental authorization in younger pa-
tients, and 3) a previous neovaginal surgery attempt.

Research plan and procedures

The patients were evaluated before surgery: karyotype
analysis, hormonal profile test, abdominal or transrectal
ultrasound and eventually computed tomography or
magnetic resonance imaging, complete physical examin-
ation, and gynaecological and mammary assessments.
The diagnosis of vaginal agenesis due to Rokitansky syn-
drome or Morris syndrome was confirmed before sur-
gery. The procedure consisted of the use of a prosthesis
(stent or mould) that was temporarily introduced into
the defined space between the bladder and the rectum of
women with vaginal agenesis through the surgical inter-
vention known as McIndoe’s technique in order to cre-
ate an artificial vaginal cavity or neovagina with a
suitable luminal diameter. Antibiotic cream (betameta-
sone and gentamicin) was applied on the introduced
prosthesis, and the prosthesis was covered with Inter-
ceed” mesh (an oxidized regenerated cellulose-
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in length)

Fig. 1 PACIENA prosthesis®. a Surgical prosthesis. b Coated silicone version of the prosthesis (the marks on the prosthesis correspond to 1cm

absorbable adhesion barrier). After placing the prosthesis
in the appropriate position (recess in front, suburethral),
urinary flow (Foley® urethral catheter), vital signs, and
blood loss were assessed, and finally, the prosthesis was
fixed in place using fastening tapes or a belt. The blad-
der catheter was removed after 2 days, spontaneous mic-
turition was assessed, and the patient was eventually
discharged from the hospital. Then, 10-12 days later, the
prosthesis was removed and replaced with the silicone-
covered version. The second device was self-placed and
worn daily during 6 months of follow-up and until re-
peated sexual intercourse occurred for a decreasing
number of hours (from 20 h/day at the beginning to 6—
8 h/night after 4 months).

Outcomes

A) Primary endpoint: to achieve the formation of a satis-
factory vagina in terms of appearance, function, and sen-
sation without relevant additional morbidity. B)
Secondary endpoints: 1) surgical duration, bleeding, and
complications; 2) hospitalization period; 3) neovaginal
length, culture, and epithelization (Schiller test and bi-
opsy); and 4) time lapse of and satisfaction with sexual
intercourse (Rosen’s Female Sexual Function Index
[ESEI] [18]).

Safety and adverse effects

Adverse effects were defined as the presence of A) sten-
osis due to neovaginal wall retraction, B) neovaginal fun-
dus granulomas, C) recto-vaginal or bladder-urethra-
vaginal fistulae, and D) necrosis due to compression of
the urethral wall. In this study, patients with a positive

vaginal culture for Pseudomonas aeruginosa were also
included and analysed, although there were no signs of
clinical infection, and additional cultures were per-
formed after the clinical study on used and unused
prostheses.

Statistical analysis

Sample size: Due to the low incidence of this pathology,
we intended to conduct a pilot study recruiting 8 pa-
tients, with an inclusion period from May to November
2017 and a follow-up period of an additional 6 months;
however, only 7 patients were recruited within the au-
thorized period. Statistical study: All data were intro-
duced and analysed using SPSS version 25.0 (IBM,
Madrid, Spain). As the number of cases was low, the
main qualitative and quantitative variables were directly
included in the tables, although several data are also
expressed as percentages, means *+ standard deviations
(SDs), and 95% confidence intervals (ClIs), if applicable.

Results
Seven patients with vaginal agenesis were ultimately in-
cluded during the recruitment period between May and
November 2017. Of these patients, 6 had been diagnosed
with MRKH (or Rokitansky) syndrome, and 1 patient
was confirmed to have Morris syndrome. The hormonal
profile of the 6 MRKH cases was as follows: FSH, 5.6 +
2.8 mUI/mL; LH, 11.6 £ 14.4 mUI/mL; oestradiol, 73.4 +
335 pg/mL; TSH, 2.3+ 12 pUI/mL; PRL, 25 + 13.3 ng/
mL; and testosterone, 0.4 + 0.23 ng/mL.

The age, diagnostic profile, and clinical characteristics
of the patients are shown in Table 1. Patients ¢3 and c4
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Table 1 Patient profiles
Case Hospital Age Diagnosis  Other anomalies Karyotype Urological anomalies Uterus/ Weight Height BMI
(range) ovaries (kg) (cm) (kg/mz)
a1 HI <18 MRKH Umbilical hernia - No Absent/both 50 157 20
syndrome normal
2 Hl (18-21) MRKH - 46XX No Absent/both 51 165 182
syndrome normal
G H2 (22-25) MRKH Scoliosis (op), 46XX No Rudimentary/ 51 160 19.9
syndrome hypoplasia MR both normal
4  H2 (>25)  MRKH Congenital 47XX+mar [18], Reflux VU (op), normal Absent/both  60.1 161 232
syndrome anomalies, “cat partial trisomy  kidneys normal
eye syndrome” 22911.2in
mosaic
s HI (18-21) MRKH Renal hypoplasia  46XX Right renal hypoplasia, Absent/both  63.3 154 268
syndrome previous left nephrectomy normal
and kidney transplant
C6 HI (18-21) Morris Gonadectomy in 46XY No Absent/both 74 171 25
syndrome  childhood, Tietze absent
syndrome
7 HI (18-21) MRKH Scoliosis, low back  46XX No Absent/both 582 155 243
syndrome pain normal

H1 University and Polyclinic Hospital “La Fe” in Valencia, H2 University Hospital “Virgen de la Arrixaca” in Murcia; MRKH Mayer-Rokitansky-Kuster-Hauser; BMI body

mass index, Op operation, MR magnetic resonance, VU vesico-ureteral

were operated on at the University Hospital “Virgen de
la Arrixaca” (H2) in Murcia, whereas the other 5 patients
were operated on at the University and Polyclinic Hos-
pital “La Fe” (H1) in Valencia. All patients were exam-
ined, operated on, and evaluated following the protocol
(with some variations as decided by the researcher in the
intervention hospital); however, patient c6 with Morris
syndrome and previous psychological instability refused
the use of the silicone-covered maintenance device and
refused to participate in the study in the second month.
In the 6 patients with Rokitansky syndrome (86%), the
primary endpoint was achieved, although only 2 of them
(28%) had repeated and satisfactory sexual relations dur-
ing the period of study. The other 4 did not have a sex-
ual partner at that time. The mean age was 21+3.3
(95% CI 17.9-24.1) years but varied between 19.2 + 1.4
years (H1) and 25.5 + 0.7 years (H2).

The surgery duration, complications, number of
hospitalization days, Schiller test results, neovaginal
length, culture results, and eventual sexual intercourse
results are presented in Table 2. The duration of the
intervention in the 7 patients was 49.3+6.1 (95% CI
43.7-54.9) min (51 + 5min in H1 and 45 + 7 min in H2).
The length of hospital admission (7.4 + 6.6 days, 95% CI
1.3-13.5 days) varied depending on the hospital (9.6 +
6.7 days in H1 versus only 2 + 0 days in H2). The mean
neovaginal length at 1 and 4 months was 9 + 1.4 (95% CI
7.6-10.2) cm and 8.7 + 1.6 (95% CI 7-10.4) cm, respect-
ively, remaining similar at the 6-month follow-up (8.5 +
0.8 CI 7.6-9.4). Figure 2 shows some images of the se-
quence of observations in the studied cases. However, it
is remarkable that the evolution and results differed

between the 2 hospitals where the patients attended, as
follows:

- Patients cl and c2 were operated on in H1. In pa-
tient c1, due to postoperative discomfort, epidural anaes-
thesia was maintained, and the patient remained
hospitalized until the 5th day. In patient c2, slight bleed-
ing occurred during surgery, and postoperatively, the pa-
tient developed a pelvic haematoma and remained
hospitalized for 14 days. Both patients experienced diffi-
culties with the introduction of the silicone-covered
maintenance prosthesis upon the first attempt; thus, they
were given a thinner model that was later changed to
the standard-sized version. In both patients, the cultures
were repeatedly positive for P. aeruginosa. At 2 and 3
months, patched areas were observed in the Schiller test,
and fundal granulomas were detected. The requirement
of daily prosthesis replacement was not completely ful-
filled, but at 6 months, the Schiller test was positive in
both patients, and patient c1 maintained repeated and
satisfactory sexual intercourse, with FSFI = 31.8 (max 36,
normal mean values 27.5 + 5.6 in [18]).

- Patients ¢3 and c4 attended and were operated on in
H2, and they were discharged from the hospital on the
2nd day. One month after surgery, both neovaginas had a
good appearance, the cultures were negative, and the
Schiller test was completely positive. Patient c4 began
regular sexual intercourse during the 4th month with mild
dyspareunia but with a good FSFI at 6 months (32.1/36).
Vaginal biopsies showed adequate keratinization and epi-
dermization in both patients (see Fig. 3).

- Patients ¢5, ¢6, and c7 were operated on in H1. Pa-
tient ¢5 had moderate blood loss during the intervention
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prosthesis at 3.5 months in c3

Fig. 2 Images of the sequence of observations in the studied cases. a Before and at the start of the operation in c5. b Introduction of the
Interceed®-covered prosthesis in c2. ¢ Prosthesis introduced in ¢3 with the adapted fixation plate and cross bandages for prosthesis support. d.
After extracting the surgical prosthesis at 12 days in c7. e State and extraction of the surgical prosthesis at 12 days in c5. f With the silicone
prosthesis after the change at 12 days in c1. g State and Schiller’s test at 3.5 months in c3. h Schiller's test at 3.5 months in c4. i With the silicone

but was discharged after 3days, whereas patient c6
adopted a negative attitude postoperatively and
remained hospitalized for 19 days. All patients had diffi-
culties with the introduction of the silicone-covered
maintenance prosthesis upon the first attempt; thus, they
were given a thinner model that was later changed to
the standard-sized version. However, the requirement of
daily prosthesis replacement was not completely fulfilled.
In patients c5 and c7, the cultures were positive for P.
aeruginosa, the Schiller test showed patched areas, and
fundal granulomas were present requiring subsequent
exeresis. Patient c6 dropped out of the study. None of

these patients had sexual intercourse during the 6-
month follow-up period.

The results of the aerobic cultures taken from the
prostheses, as an additional post-clinical study evalu-
ation, are presented in Table 3. Cultures of both unused
PACIENA prosthesis® versions showed growth of stand-
ard skin flora bacteria (coagulase-negative Staphylococ-
cus). In the prosthesis culture of patient c4, after use,
enteral flora were detected. However, the cultures of
both used prostheses from patients ¢2 and ¢7 presented
abundant P. aeruginosa that continued to be detected
after liquid sterilization methods.
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squamous epithelium (haematoxylin-eosin [H-E], X 40) in c4. b
Intense staining for cytokeratin AE1-AE3 (CKAET-AE3) on the surface
of the fragment, which helps in recognizing the epithelium at that
level and with greater magnification to see the epithelial positivity
to cytokeratins (CKAET-AE3, x 200). ¢ Among abundant inflammatory
polymorphic cells, the presence of keratin sheets (dyed more
homogeneous pink) can be estimated. With greater magnification,
the keratin sheets are more evident (H-E, x 400)

Discussion

Our study shows that neovaginal formation and epider-
mization with the performance of vaginoplasty following
Mclndoe’s technique without the use of skin grafts and
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with the use of a PLA prosthesis, covered with Interceed’,
as an intraneovaginal mould can be achieved with good
anatomic and functional results, especially if other adverse
effects (such as hospital bacterial colonization) can be alle-
viated. In this sense, the use of the PACIENA prosthesis®
has not been associated with any complications.

The great simplicity of the operation owing to the
avoidance of skin grafting and related surgery, the short-
ened hospital stay and the good anatomical and func-
tional results in patients who adequately maintain the
use of the silicone-covered prosthesis suggest that our
vaginoplasty method using the PACIENA prosthesis
may be recommended for neovaginal creation in patients
with vaginal agenesis.

The well-established techniques used for vaginoplasty
include grafting with split-thickness skin [1-4], periton-
eum [19], bowel, free jejunal autograft, ileum [20], or
sigmoid colon [21]. The Vecchietti technique has been
used as a less-invasive approach to surgical vaginoplasty
or as modified technique of Brucker, Rall, and Wallwi-
ener [5, 6] using vagino-abdominal blunt perforation
without vesicorectal tunnelling. Other less-invasive
methods have been proposed, including Creatsas vagino-
plasty (modified Williams method) [22], the labial and
vestibular flap method [23], and the use of a small graft
of perineal skin at the introitus to line the distal poster-
ior aspect of the newly created vagina [24, 25]. In gender
reassignment surgery, the most commonly used method
is penile inversion vaginoplasty with scrotal flaps [26],
sometimes combined with autologous buccal micro-
mucosa free grafts [27]. However, several techniques
have been attempted to cover (and epithelize) the newly
formed vagina. Dhall [28] used a human amnion graft,
whereas Zhang et al. [7] and Zhu et al. [29] used a bio-
logical mesh (tissue-engineered biomaterial graft). Other
authors have used Interceed® [8], or the placement of
this mesh between the stent and a skin graft (meshed)
and thus reducing the size of the graft, while maintain-
ing good results related to neovaginal epithelization [30].

Nevertheless, all these techniques involve dissecting the
vesicorectal space and inserting a stent into the neovagina
to help the adherence of the graft or to maintain patency.
For such purposes, some authors have proposed the use
of a silicone mould of different dimensions or even a cus-
tomized mould [31, 32]. Other authors used stents of dif-
ferent materials (foam rubber, wood, plastic, glass, Teflon,
Dexon, vacuum expandable condom, a simple syringe or a
polyethylene bag [7, 30, 33-36]), many of which are not
anatomically designed. These stents are usually hand-
made, using weighty and strong materials, and can pro-
duce bedsores on the recto-vaginal septum or necrosis on
the urethra and hypospadias. Therefore, the stent or neo-
vaginal mould might be important for achieving good ana-
tomical and functional results.
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Studied prosthesis

Results of aerobic culture

Repeated cultivation after Instrunet© 30 min

Unused surgical prosthesis
Unused silicone prosthesis
Silicone prosthesis used in c4 (H2)
Silicone prosthesis used in c2 (H1) P. aeruginosa

Silicone prosthesis used in ¢7 (H1) P. aeruginosa

Habitual flora of the skin (St.c.n) -
Habitual flora of the skin (St.c.n) -

Enteric flora, no P. aeruginosa -

P. aeruginosa

P. aeruginosa

P. Pseudomonas, St.c.n coagulase-negative Staphylococcus

The shape and dimensions of the PACIENA pros-
thesis® are adapted to the normal vagina, and it is made
of PLA, which is a biocompatible material used in sev-
eral biomedical applications and whose effect on tissue
growth has been reported in different scenarios [14—-17,
37-39]. For example, Sharma et al. [17] developed a skin
substrate made of PLA scaffold with minced skin grafts;
skin cells were shown to migrate along the fibres of the
scaffold, new collagen was formed, and epithelial and
stromal cells were confirmed by immunohistochemistry
and scanning electron microscopy [17].

In our pilot study, we used an Interceed® mesh to
cover the PLA prosthesis as a barrier to prevent the ad-
hesion of the newly created neovaginal tissue to the
prosthesis and that has to be removed after several days.
As a result, it might have been the combination of the
geometry of the prosthesis, the anatomical design, the
manufacturing of the PLA, and the Interceed® covering
that has led to satisfactory results avoiding the need for
skin grafts. In addition, the design and shape of the pros-
thesis (wider in the fundus with a decreasing diameter at
the bottom end) allow self-support by the perineal mus-
cles without needing to use other fastening aids or su-
turing of the labia.

Therefore, if a prosthesis has the adequate dimensions
and the basic and novel features of the PACIENA pros-
thesis®, then good anatomical and functional results and
adequate epidermization can be expected, similar to
what occurs in normal vaginal embryology from the uro-
genital sinus [40], which in an adult woman is the vagi-
nal introitus.

Clinical relevance

The following aspects suggest that this technique could
be the most suitable method for vaginoplasty in the con-
genital absence of a vagina and in other situations, in-
cluding gender reassignment surgery, ablation, or
surgery for an acquired pathology (synechiae): a simple
technique requiring only the dissection and opening of
the vesicorectal space, making the procedure minimally
invasive; the absence of complications related to skin
grafting or to the use of a hard and heavy prosthesis;
and the anatomical design of the PLA prosthesis using

3D technology, with a material composition that favours
tissue growth.

Study limitations and unexpected findings

This pilot study was designed and authorized to recruit
8 patients for evaluation over 6 months (with an add-
itional 6 months of follow-up); however, only 7 patients
could be included. Only 6 patients (all with Rokitansky
syndrome) completed the 6-month use of the prosthesis
and the follow-up. All patients treated in H1 were posi-
tive for P. aeruginosa, which could have induced inflam-
mation and granulomas as well as worsened the results.
Some influence of age, psychological preparation before
surgery, or surgical technique might also be present.

Conclusions

Good anatomical and likely good functional results can
be achieved with the PACIENA prosthesis® for neovagi-
nal creation (vaginoplasty) following a modification of
MclIndoe’s technique to avoid skin grafting. However, a
good surgical technique and haemostasis, postoperative
support, and the prevention of bacterial colonization are
also important. Moreover, adequate patient selection
with appropriate education, prosthesis self-replacement
recommendations, and psychological support before and
after surgery also seem fundamental.
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Neovaginal PACIENA Prosthesis® and No Skin Graft.

Estudio observacional, retrospectivo, comparando los resultados de los casos del
ensayo clinico PACIENA que incluyo 7 pacientes con agenesia vaginal intervenidas
segun la técnica de Mcindoe modificada sin injerto de piel empleando la protesis
neovaginal de PLA (protesis PACIENA®) con los resultados de un grupo control his-
torico que incluyd 9 pacientes intervenidas en el Hospital Universitario de San Juan
segun la técnica clasica.

La modificacion de la técnica de Mclndoe utilizando la protesis neovaginal PACIE-
NA® es favorable, obteniendo buenos resultados clinicos con menor tiempo quirtr-
gico y de ingreso hospitalario.
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Abstract: An observational, retrospective study was completed to compare the results of the PACIENA
clinical trial (using the modified McIndoe technique) with a historical control group of nine patients

who were operated on at San Juan University Hospital (1992-2015) using the classic technique.

The PACIENA clinical trial included seven patients with vaginal agenesis who were operated on
at two reference sites (May 2017-May 2018) using a neovaginal polylactic acid (PLA) prosthesis
(PACIENA® prosthesis) and avoiding the use of a skin graft. The results illustrate a reduction in the
length of surgery, 86.43 + 4.75 min in the group with no skin graft compared to 155.56 + 28.44 in the
control group (p < 0.05); and reduction in the length of hospitalization time. Differences were also
registered in the length of the neovagina, the average being 8.93 + 1.42 cm for cases and 6.56 + 1.13 cm
for controls, with no differences in neovaginal epithelialization times or in the satisfaction of sexual
relations occurring between groups. The modification of the classical McIndoe technique using the
neovaginal PACIENA® prosthesis appears to be successful, obtaining good clinical results with
shorter surgery and hospitalization times.

Keywords: vaginal agenesis; vaginoplasty; neovaginal prosthesis; Rokitansky syndrome; PACIENA®
prosthesis; modified McIndoe technique

1. Introduction

Vaginal agenesis is a type of genital malformation that can be seen in individuals with Rokitansky
syndrome (1 in 4500-5000 women) [1], Morris syndrome (1 in 64,000 women), MURCS association
(Miillerian duct aplasia, renal aplasia and cervicothoracic somite dysplasia; 1 in 50,000 women),
among other syndromes. Several surgical techniques are used to correct vaginal agenesis, with the
McIndoe technique being the most common [2].

Acién etal. [3] published a pilot study in which the feasibility and clinical outcomes of vaginoplasty
with no skin graft using a polylactic acid, or PLA, prosthesis (PACIENA®) and Interceed [4] were
assessed. This was a prospective, multicenter study on a medical device (PACIENA® prosthesis) in
which seven patients were operated on and there was 6 months of subsequent follow-ups, obtaining
good anatomical and functional results. The basis for the results stem from the PACIENA® prosthesis,
a vaginal device with an anatomical design allowing urethral protection, which together with its
lightness reduces the risk of decubitus ulcers. Furthermore, the prosthesis is made of a biocompatible
material with properties related to epithelial healing (PLA), eliminating the need for a skin graft.

J. Clin. Med. 2020, 9, 3648; d0i:10.3390/jcm9113648 www.mdpi.com/journal/jem
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The purpose of this paper is to compare the results of the aforementioned study with patients
operated on using the classical McIndoe technique with a skin graft at the same site, in order to assess
this modified surgical technique.

Study Objective

The objective of this study was to determine whether or not the modified McIndoe surgical
technique with no skin graft using a neovaginal PLA prosthesis (PACIENA® prosthesis) facilitates
surgery without scarring the donor area of the skin graft while reducing surgery and hospitalization
times, registering good functional results and providing patient satisfaction when compared with
historical cases who were operated on using the traditional technique.

2. Experimental Section

This was a comparative, observational, retrospective study that compared the results of the cases
studied in the PACIENA clinical trial with a historical control group. The pilot clinical trial comprised
7 patients with vaginal agenesis (6 with Rokitansky syndrome and 1 with Morris syndrome) recruited
between May 2017 and May 2018 who were operated on at two reference sites. The control group was
composed of 9 patients who were operated on at San Juan University Hospital (from 1992 to 2015)
using the classical McIndoe technique with the same team of surgeons.

2.1. Inclusion Criteria
For cases:

e  Women diagnosed with vaginal agenesis due to Rokitansky syndrome or Morris syndrome
wishing to undergo neovaginal surgery using the McIndoe technique.
e Adults of legal age and minors with parental authorization.

e  Asigned informed consent form.
For controls:

e  Women diagnosed with vaginal agenesis who were operated on at San Juan University Hospital
between 1992 and 2015 using the classical McIndoe technique.

2.2. Exclusion Criteria
For cases:

o Women suffering from any medical pathology (metabolic disease, coagulopathy, cardiovascular
disease, respiratory disease, Crohn’s disease, rectal disease) that contraindicates surgery or that
may worsen the results of neovaginal surgery.

e  Minors with no parental authorization.

e  The existence of any previous reconstructive neovaginal surgery.

For controls:

e Any other kind of neovaginal surgery undergone other than the McIndoe technique.

2.3. Research Plan and Procedures

The data on the control patients were obtained by reviewing the patients” medical records
subsequent to the approval of the San Juan University Hospital Clinical Research Ethics Committee
(CEIC number 18/336, approved on 30 October, 2018), and these were registered in a data logbook.
The data on the cases were obtained from the SPSS Statistics database created for the publication of the
clinical trial.

A new SPSS database with cases and controls was created and this enabled us to compare the
results of the two groups.
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2.4. Outcomes

The main variable in the study was whether or not this surgical procedure really is simpler
with improved surgery and hospitalization times, good functional results and patient satisfaction.
As such, we analyzed the length of surgery (the length of the intervention starting from the induction
of anesthesia) in addition to other parameters in both groups that complemented the main variable,
these being;:

o The age of the patient at the time of surgery.

o The age of the patient at the time of diagnosis.

e Occurrence of hemorrhage during surgery.

e Occurrence of other incidents during surgery.

e  The length of time spent at the hospital.

e  The appearance of the neovagina in the speculum assessment (month 1, months 2—4, months 6-12).
e  The patient’s symptoms in two periods (months 1-4, months 6-12).

o Pain from the placement of the prosthesis.
o Continuous pelvic pain.

o Foul-smelling discharge.

o Fever.

e  Length of the neovagina at months 1-2.

e  Theneed to change to a smaller maintenance dilator.

e Adequate epithelialization of the vagina.

e The time elapsed until beginning sexual relations.

e  Satisfactory sexual relations (at month 4 and month 6).

2.5. Statistical Analysis

The statistical analysis was conducted using the SPSS Statistics package, version 25 (IBM, Spain).

A descriptive statistical analysis was conducted using non-parametric tests. Contingency tables
and a comparison of proportions were used to determine frequencies and the distribution with
qualitative variables. Chi-squared, Kruskal-Wallis and Mann-Whitney U correlation tests were used
to compare groups and parameters in the different follow-up procedures.

We conducted non-parametric tests on paired data as a means of comparing the values obtained
in each review (months) for quantitative or numerical variables. The Wilcoxon test and the McNemar
test were used for dichotomous variables.

A statistically significant difference was included when the p-value was <0.05 in all statistical tests.

3. Results

Table 1 shows the age of the patient at the time of diagnosis and at the time of surgery, the length
of surgery, the time spent in hospital and the length of the neovagina 1-2 months after surgery.

There were no statistically significant differences in the age of the patients at the time of diagnosis
and at the time of surgery between the two groups.

The average length of surgery was 86.43 + 4.75 (95% CI 82.03-90.83) minutes for the case group and
155.56 + 28.44 (95% CI 133.69-177.42) minutes for the control group, the difference being statistically
significant (p < 0.05). In addition, the box diagram (Figure 1) illustrates that the length of most of the
surgical procedures in the case group was below average, while it was above average for patients in
the control group.

With regard to the length of hospitalization after surgery (Figure 2), the case group registered an
average of 7.43 + 6.6 (95% CI 1.32-13.54) days, while the average length for the control group was
13.44 + 5.1 (95% CI 9.52-17.37) days. The case group registered an abnormally large interval due to the
fact that the patient with Morris syndrome, who subsequently dropped out of the study, spent a long
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time in the hospital. For this reason, after eliminating this patient from the database, we obtained an
even lower average hospitalization time for the case group, 5.50 + 4.5 (95% CI 0.68-10.32) days, and a
statistically significant difference between both groups (p = 0.012).

Table 1. Patient data.

Patient Age at Age at Diagnosis Duration Time Spent in Neovaginal

Diagnosis (Year)  Surgery (Year) (Minutes) Hospital (Days) Length (cm)
CASE 1 13 17 Rokitansky 85 5 9.0
CASE 2 14 19 Rokitansky 90 14 8.0
CASE 3 18 25 Rokitansky 80 2 10.0
CASE 4 18 26 Rokitansky 80 2 11.0
CASE 5 13 19 Rokitansky 90 3 9.0
CASE 6 16 20 Morris 90 19 6.5
CASE 7 16 21 Rokitansky 90 7 9.0
CONTROL 1 15 16 Rokitansky 150 24 7.0
CONTROL 2 17 18 Rokitansky 110 10 7.0
CONTROL 3 16 20 Rokitansky 130 18 7.0
CONTROL 4 16 25 Rokitansky 150 9 8.0
CONTROL 5 16 19 Rokitansky 165 11 6.0
CONTROL 6 16 21 Rokitansky 180 10 6.0
CONTROL 7 16 18 Rokitansky 135 10 4.0
CONTROL 8 17 17 Rokitansky 180 12 7.0
CONTROL 9 14 14 Rokitansky 200 17 7.0

Length of surgery (minutes)

100

80 !

Cases Controls

Cases - Controls

Figure 1. Length of surgery (minutes).

Cases Controls

Time spent in hospital (days)

Cases - Controls

Figure 2. Time spent in the hospital (days).
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No differences were found between groups in relation to the amount of bleeding during surgery
or in the time that elapsed until the epithelialization of the neovagina. A greater neovaginal length
was achieved at 1-2 months after surgery in patients who underwent surgery with no skin graft
and a PACIENA® prosthesis, with an average of 8.93 + 1.42 (95% CI 7.61-10.25) cm, compared with
the control group, which registered an average of 6.56 + 1.13 (95% CI 5.69-7.42) cm. Despite this
statistically significant difference (p = 0.005) in vaginal length, there were no differences regarding the
commencement of sexual relations, or with regard to whether or not the patients encountered any
difficulty or dyspareunia during sexual relations, or if these relations were satisfactory.

With regard to the evolution of the neovagina through speculoscopy, an assessment of the presence
of granulomas, infection and foul-smelling discharge was completed, in addition to determination of
whether a good appearance was attained. The findings for both groups were grouped into month 1,
months 2—4 and months 6-12 visits. The line graph illustrates that the presence of granulomas was
lower in the case group in the first two visits with a better neovaginal appearance throughout the
follow-up procedure for this group (Figure 3).

Speculum: good neovaginal Speculum: granulomas
appearance
PP 80.0%
100.0% 45 7% 60.0% 66.7%
. (] . J
42.9% SHL%
9 0
50.0% 33.3% = 40.0% 28.6%
0,
0.0% 2218 20.0% 22.2%
1 month 2-4 months 6-12 months 0.0% 0.0%
@— Good appearance Cases 1 month 2-4 months 6-12 months
——@— Good appearance Controls ~—@— Granulomas Cases  ==@= Granulomas Controls
(A) (B)

Figure 3. Speculoscopy. (A) Percentage of patients with a good neovaginal appearance. (B) Percentage
of patients with neovaginal granulomas.

To assess the symptoms, we grouped post-surgery visits at months 34 and months 6-12.
Symptoms (Table 2), such as pain from the placement of the maintenance prosthesis, bleeding and
abdominal pain, were included.

Table 2. Symptoms experienced by the case and control groups.

Cases (n=7) Controls (1 =9)
Symptoms 3-4 Months  6-12 Months  3-4 Months  6-12 Months
None 3 (42.9%) 5 (71.4%) 5(55.5%) 6 (66.7%)
Pain placement prothesis 3 (42.9%) 1 (14.3%) 0 0
Bleeding 0 0 3(33.3%) 0
Abdominal pain 0 0 1(11.1%) 2 (22.2%)

4. Discussion

Many different techniques to treat vaginal agenesis have been proposed. Apart from the surgical
approach, the difference between most neovaginal surgery techniques lies in the material used to line
the neovagina; skin grafts, peritoneum and amnion have been described for this purpose. In this sense,
new techniques have been developed with other coatings. The use of autologous buccal mucosa is
promising and has provided good results but as any other technique with graft intake it implies a
greater number of days of admission to prevent complications and the risk of scarring tissue on the
donor area [5,6].
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The use of a skin graft is justified and cannot be considered a disadvantage when the patient
needs a second intervention with skin removal. This is the case of gender confirmation surgery or if the
neovaginal procedure is performed with simultaneous abdominoplasty or reduction mammoplasty [7-9].
It requires a careful selection of patients, with certain characteristics and with a double surgery
indication. However, it inevitably involves a longer surgical time and is not useful for all types of patients.

To avoid skin grafting, Panici et al. [10], in 2007, published a study on the use of autologous
vaginal tissue with good results [11,12] but it requires cell culture 2-3 weeks prior to transplantation.
Therefore, the major disadvantage of this technique is the cellular therapy component, which means it
can only be performed in specialized centers with a cell factory and an operating room available when
the tissue is prepared to be transplanted.

Alternatively, and with the same purpose, many authors have described the use of porcine small
intestinal submucosa or resorbable meshes, with similar results for neovaginal reconstruction [13].
In 1994, Jackson et al. [14] published the results of surgeries performed on four women with vaginal
agenesis who underwent neovaginal surgical construction using an absorbable adhesion mesh
(Interceed®) to cover an inflatable stent with good anatomical and functional results. The results of
a study by Motoyama et al. (2013) [15] involving surgeries performed on 10 patients using a mold
coated with Interceed® were also excellent. In that study, correct epithelialization of the neovagina
was achieved between 1 and 4 months post-surgery. Inagaki et al. [16], in 2009, also reported two
cases that underwent a similar surgical technique consisting of the placement of a cylindrical synthetic
resin mold covered with absorbable mesh (Interceed®). Zhang et al. [17] registered in 2017 a study on
vaginoplasties performed with Interceed® on 40 patients, with the anatomical and sexual functionality
results also satisfactory.

The length of surgery in those studies was similar to that patients operated on using the PACIENA®
prosthesis technique with no skin graft (86.43 min, on average). The reduction in operative time is
explained by avoiding the skin graft step, which leads to a shorter surgery. In our study, there have been
no intraoperative complications in either group and blood loss was estimated to be low (<100 mL) in all
cases and moderate (100-500 mL) in one of the controls and two patients from the cases group. We also
found a reduction in hospitalization time to 5.50 + 4.5 days in the cases group. Considering that no
discharge criteria were created for this study, but general post-surgical criteria were followed, most of
the patients with a longer length of admission experienced post-surgical complications; however, none
of them were considered significant by the medical team attending the patients, except for the patient
with Morris syndrome who presented with postoperative denial and dropped out of the study.

Regardless of the lining of the vagina, all these surgical techniques involve the insertion of a stent
into the neovagina to ensure permeability; however, prostheses that are not anatomically correct for
the patient have been used. To solve this problem, some authors have proposed the use of molds
with different dimensions or personalized molds [18,19]. Anagani et al. [20] recently published data
on the modification of the McIndoe technique in 52 patients in India, in which acceptable short-term
physiological and psychological results and adequate epithelialization of the neovagina were achieved
between 4 and 6 months. An invariable mold was used in these cases. This was created with the third
digit of a number eight surgical glove, filled with non-adherent gauze, sealed at the bottom with silk
sutures, and covered with antibiotic cream, a condom and two sheets of Interceed® over it.

In contrast, the dimensions and design of the PACIENA® prosthesis adapt to the vagina and
the external genital area, providing the patient with comfort. The prothesis is made with polylactic
acid (PLA), a biocompatible material whose effect on tissue growth has been studied [21]. In addition,
with the maintenance prosthesis, our patients had good anatomical results, including an improvement
in vaginal length and no changes with regard to satisfaction in sexual relations, as the 6 cm limit,
specified in the literature as being necessary to obtain coital satisfaction, was exceeded in the case
group [22].

Although no evidence-based treatment algorithm has been established, the American College
of Obstetricians and Gynecologists (ACOG) has been recommending dilation therapy as a first-line
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approach in the treatment of vaginal agenesis since 2002 [23]; however, the condition can be managed
nonsurgically if it is correctly diagnosed and the patient is sufficiently motivated. Effective management
includes training in primary vaginal dilation by the gynecologist and a careful psychologic preparation of
the patient before any intervention. Patients must know that it will be a slow process, understand it and
accept it; otherwise, a surgical technique may be used from the outset. In this regard, Bracaglia et al. [24]
proposed to insert a question in the informed consent that allows the evaluation of whether a patient
is sufficiently engaged and has completely understood the verbal and written information. All this
requires the patience and availability of the surgeon to give all the necessary explanations.

Both in self-dilation and after surgical techniques, it is important to use an appropriate anatomical
prosthesis after surgery to maintain vaginal length. In this sense, Herlin et al. [25] published a
comparative study in 2018 in which the anatomical results and complications of surgical techniques
used for vaginal agenesis were analyzed and compared with non-surgical techniques (self-dilation
and coital dilation). There were no statistically significant differences between the vaginal length
achieved using the classical McIndoe technique versus that achieved with self-dilation, while there
was a higher rate of complications when the surgical technique with a skin graft was used. This once
again highlights the importance of using a prosthesis with excellent characteristics to enable us to
modify the classical technique.

As such, the combination of the PACIENA® prosthesis, due to its anatomical structure and
manufacturing material (PLA), with the anti-adhesion absorbable mesh coating (Interceed®) could be
successfully used in vaginoplasties, leading us to propose the modification of the classical McIndoe
surgical technique. This can maintain good anatomical and functional results and provide an
improvement in surgery and hospitalization times.

4.1. Clinical Relevance

The need for a neovagina due to vaginal agenesis may be of a congenital nature or may arise from
other circumstances such as gender confirmation. Vaginal atresia can result from the post-surgery
formation of synechiae, radiotherapy or ablation, among other causes. In any of these situations,
the degree to which the patient’s quality of life is affected due to issues regarding body image and
sexual factors makes this type of surgical technique extremely important. Therefore, it needs to be
developed and improved in order to achieve better results with lower rates of morbidity and mortality.

4.2. Study Limitations

The low incidence of diseases associated with vaginal agenesis prevented us from analyzing a
larger sample. Some of the records in the historical group of operated patients had to be discarded as
the classical technique had not been used. In addition, due to the fact that this is a historical cohort,
it was difficult to collect specific data from clinical examinations in control patients who underwent a
less homogeneous follow-up procedure.

5. Conclusions

Our study illustrates a reduction in surgery and hospitalization times in patients who underwent a
surgical technique consisting of a PACIENA® neovaginal prosthesis with no skin graft. These patients
achieved good anatomical results, including an improvement in vaginal length and no changes with
regard to satisfaction in sexual relations. These results were achieved by comparing two groups of
patients with no differences in age at the time of surgery. The results suggest that a modification of the
classical McIndoe technique with the use of the aforementioned prosthesis can be recommended.

Author Contributions: Conceptualization, M.LA. and P.A.; methodology, V.N.; software, V.N.; validation,
PA., MIA. and VN.; formal analysis, V.N.; investigation, V.N.; writing—original draft preparation, V.N.;
writing—review and editing, all authors.; supervision, M.LA. and P.A.; funding acquisition, M.L.A. and P.A.
All authors have read and agreed to the published version of the manuscript.
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Applicability and Suitability of the Embryological-Clinical Classifi-
cation of Female Genital Malformations: A Systematic Review.

Revision sistematica de los casos de malformacion genital reportados en la lite-
ratura desde el ano 2000 a 2020, obteniendo un total de 3.124 articulos, de los que
se pudieron extraer 824 casos de malformacion genital, tras 2 fases de exclusion de
trabajos segun titulo y abstract.

Se incluyeron las caracteristicas de la malformacion descrita en una base de da-
tos para su analisis posterior con el objetivo de probar la aplicabilidad y la idoneidad
de la clasificacion embriolégico-clinica de las malformaciones genitales femeninas
[71.
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Abstract: Complex urogenital malformations are clinically highly relevant; thus, they must be appro-
priately diagnosed and classified before initiating treatment. Background/Objectives: This study
aimed to evaluate the applicability and suitability of the embryological—clinical classification of
female genital malformations. Methods: A systematic review of cases of genital malformations
reported in the literature from 2000 to 2020 was conducted. Case reports and series with the following
combinations: “female genital tract” AND (malformation OR anomaly OR miillerian anomaly OR
uterine anomaly OR cervical anomaly OR vaginal anomaly OR cloacal anomaly OR urogenital sinus);
and “female genital tract” AND (renal agenesis OR ectopic ureter) were searched. A total of 3124
articles were identified, of which 824 cases of genital malformation were extracted. The character-
istics of each malformation were included in a database for further analyses. Results: Using the
embryological—clinical classification, 89.9% of the published cases and 86.5% of the 52 cases defined as
unclassifiable by their authors have been classified in this review. In 73 cases (72.2%), the classification
of the malformation using the AFS system was incomplete because although the type of uterine
anomaly of the AFS classification matched that of the embryological-clinical classification, character-
istics of the urinary system or the vagina were overlooked when using the AFS system. Following a
dispersion matrix, we have been able to show that the embryological—clinical classification system
is able to classify and subclassify the genitourinary malformations more accurately. Conclusions:
The applicability of the embryological—clinical classification has been confirmed after classifying
most of the cases of genital malformation previously published. This system also provides a more
complete and accurate classification than other classifying systems exclusively based on Miillerian
duct development or uterovaginal parameters, demonstrating its suitability.

Keywords: genital malformations; miillerian; embryological—clinical classification; female genital
tract; renal agenesis

1. Introduction

Female genital malformations commonly occur in 3% of all women, 4% of infertile
women, and 15% of those who recurrently experience miscarriages [1]. However, and
although they are not always detected, these frequencies mainly refer to common genital
malformations that affect the uterine cavity and have an impact on reproductive outcomes.

On the contrary, complex genital malformations which also affect the urinary system or
other levels of the genital tract are rare but may lead to significant gynecological symptoms
that severely affect the patient’s quality of life, specially at adolescence when menses
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start. Classifying female genital malformations requires knowledge of embryology of the
female genital tract, of the involvement of all elements derived from the urogenital ridge,
and of the Miillerian duct development, fusion, and resorption processes. The scientific
literature tends to follow classifications based on Miillerian duct development, such as
the American Fertility Society (AFS) system [2], recently updated in the American Society
of Reproductive Medicine (ASRM) classification [3], or the European Society of Human
Reproduction and Embryology (ESHRE)/European Society for Gynaecological Endoscopy
(ESGE) [4] consensus on the classification of female genital tract congenital anomalies.
However, these classifications are solely Miillerian (utero or uterovaginal) and provide
no information regarding the origin of the malformations. Conversely, the embryological—-
clinical classification of female genital malformations proposed by Acién in 1992—modified
in 2004 [5] and updated in 2011 [6]—is based on the correlation between the embryological
origin of the malformation and its anatomical anomaly observed throughout the female
genital tract, including the urinary system, for a complete diagnosis, with the goal of
proposing the most appropriate typification and adequate therapeutic intervention (full
classification available in Supplemental Material).

Several embryological parameters should be considered to adequately manage female
genital malformations. The appropriate development, fusion, and resorption of the sepa-
rating wall between both Miillerian ducts seem to be induced by the Wolffian ducts. The
fused Miillerian ducts form the uterus up to the external cervical os, and the inducing
mesonephric ducts form the sinuvaginal bulbs, incorporate the Miillerian tubercle’s cells,
and give rise to the vaginal plate [7,8]. Because the ureteral bud sprouts from the opening
of the Wolffian duct in the urogenital sinus, the absence or distal injury of one of these
ducts will give rise to renal agenesis, a blind or atretic ipsilateral hemivagina and a uterine
anomaly (fusion or resorption defect), due to a failure of the inducing function of the injured
Wolffian duct. In the absence of the formation and caudal growth of the urogenital wedge,
there is persistent urogenital sinus, and then, the opening of the vagina into the sinus can
be seen as a vesicovaginal fistula just underneath and between both ureteral orifices [6].
Interruptions in this embryological process at any point may lead to various congenital
anomalies of the reproductive system [9]. Because the formation of the urinary system
is closely related to the formation of the reproductive tract, abnormalities of the kidneys,
ureters, or bladder are often associated with abnormalities of the genital tract. In a study,
Diehl et al. [10] stated that further evaluating the urinary system is important secondary
research. However, this evaluation is not secondary research but a fundamental part of the
research of malformations, given the relationship between the genital and urinary systems,
which share a common embryological origin.

This study aimed to assess the advisability of the embryological—clinical classification
of female genital malformations [6]; for this purpose, the applicability and suitability were
determined. Therefore, we conducted a systematic review of cases of genital malformation
reported in the literature for 20 years to determine whether these cases had been classified
or not using the AFS [2] or ESHRE/ESGE [4] systems and tried to classify them with the
embryological—clinical classification. We also checked if this system was more specific
when typifying the anomalies.

The objectives of this study were to determine the following;:

e  applicability of the embryological—clinical classification [6] by assessing the percentage
of malformations that can be classified using this method following the details of the
anomaly as described in the articles retrieved from the literature.

e  suitability of the embryological—clinical classification [6] by assessing whether it is
more complete and more accurate when applied to a malformation with respect to the
AFS [2] or ESHRE/ESGE [4] classification systems.
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2. Materials and Methods

A systematic literature research was performed in the PubMed and Cochrane Databases,
including 20 years (from 2000 to 2020) and all case reports and case series with the following
combinations:

o “female genital tract” AND (malformation OR anomaly OR miillerian anomaly OR
uterine anomaly OR cervical anomaly OR vaginal anomaly OR cloacal anomaly OR
urogenital sinus).

e “female genital tract” AND (renal agenesis OR ectopic ureter).

This systematic review commenced in February 2021 and was completed in April
2023. The selection process started with a total of 3124 articles. This process included
two exclusion phases: the first phase consisted of selecting articles by title that showed
the presentation of a malformation, which was independently performed by the three
authors, and collecting the articles that had been selected by at least two of the three
authors, thus narrowing the search to 1219 articles (39% of the initial sample); the second
phase consisted of selecting articles, by summary, whose content focused on the description
of the malformation, limiting the search to 858 research articles (27% of the initial sample),
which have been individually evaluated for data extraction. This second phase was carried
out by one author, and the others checked for agreement.

Of the 858 selected articles, the full text of 88 was inaccessible and, therefore, were dis-
regarded for unavailability. The full text of the remaining 770 articles (24% of the initial total)
was read, and 76 whose content did not include the description of the malformation were
disregarded. Of the remaining 694 articles, we were able to extract a total of 824 described cases
as some studies described various cases and types of malformations (Figure 1).

PRISMA 2020 flow diagram

H
=
3 Articles found in the databases
g (n=3124)
=
— !
—
Articles selected by title —_— Articles disregarded due to title
(n=1219) (n=1905)
Articles selected by abstract > Articles disregarded due to abstract
(n = 858) n =361)
. . T Atrticles disregarded due to unavailable
Articles as.scsied for eligibility > full text
fn=770) (n=88)
Full-text articles including the Articles disregarded due to lack of
description of malformation(s) > description of malformation
(n=694) (n=76)
= !
P—
Total articles included in review
n =694
g Cases of malformation described in the
articles
(n=824)
)

Figure 1. PRISMA flow diagram of the selection of articles and cases of malformation(s).
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Each of these malformations was analyzed, and their descriptions, according to the
following variables, were entered into an Excel spreadsheet (Excel Version 16.85 (24051214),
Microsoft Office for Mac, Madrid, Spain):

Characteristics of the uterus

Characteristics of the cervix

Characteristics of the vagina

Renal agenesis (RA)

Diagnostic tests

Classification (or not) of the malformation by the authors of the article and the system

used for this purpose

o  C(lassification of the malformation according to the embryological—clinical classifica-
tion [6]

e  Match (or not) between both classifications (the classification used by the authors of the

article selected in the systematic review and the embryological—clinical classification)

The three authors commented on the most complex cases to reach a consensus on the
classification of all malformations.

3. Results
3.1. Applicability

Of a total of 824 cases, the malformations had been classified by the authors of the
articles in 159 cases (19.3%): using the AFS classification in 101 (63.5%) cases; using the
embryological-clinical classification in 20 (12.6%) cases; using the ESHRE /ESGE classifi-
cation in 16 (10.1%) cases; and using more than one classification in 22 (13.8%) cases. The
authors had specified that they were unable to classify 52 malformations (6.3%): 32 (61.5%)
using the AFS; 1 (1.9%) using the ESHRE/ESGE classification; 5 (9.6%) using any current
classification; and 4 (7.7%) using an unknown classification system (not specified). Of
the total number of cases, no classification was proposed in 613 malformations (74.4%)
(Table 1).

Table 1. Classification of cases as reported in the articles.

Total Number of Cases 824 (100%)
Classified using 159 (19.3%) AFS classification 101 (63.5%)
Embryological—-clinical classification 20 (12.6%)
ESHRE/ESGE classification 16 (10.1%)
More than one classification system 22 (13.8%)
Unclassifiable with 52 (6.3%) AFS classification 32 (61.5%)
ESHRE/ESGE classification 1 (1.9%)
Any classification system 5(9.6%)
An unknown classification system 4(7.7%)
Not classified 613 (74.4%)

AFS: American Fertility Society. ESHRE/ESGE: European Society of Human Reproduction and Embryol-
ogy/European Society for Gynaecological Endoscopy.

After reviewing the descriptions of 824 cases of malformations, we classified 741 cases
(89.9%) following the embryological—clinical classification and 559 (91.2%) of the 613 that
were not classified by the authors in their articles (Table 2).
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Table 2. Classification of the cases using the embryological—clinical classification [6].
Total Number of Cases 824 (100%)
Classified 741 (89.9%)
Inconclusive 63 (7.6%) Lack of anatomical data in the text to distinguish between two types of malformation
Not classified 20 (2.4%) 4—Genital malformation not demonstrated

16—Insufficient description of the malformation in the text

In total, 63 cases (7.6%) were grouped as “inconclusive” due to the lack of essential data
in the descriptions of the malformation retrieved from the publication. This was a series
of cases missing some key anatomical data, preventing the differentiation between two
classification groups, primarily due to a lack of information on the urinary system. This lack
of information precludes the differentiation between common Miillerian anomalies (group
3.A.2 of the embryological—clinical classification, which does not involve renal agenesis)
versus mesonephric or Wolffian anomalies (uterine duplication with vaginal atresia or
blind hemivagina and ipsilateral renal agenesis -group 2-, or unilateral genitourinary
agenesis or hypoplasia -group 1.2-). In this group, a few cases lacked descriptions of the
uterus, cervix, and/or vagina; thus, they might have involved more than one type of
malformation, precluding the correct classification of the case [11-71]. In addition, 20 cases
were not classified using the embryological—clinical classification system—four because we
considered that a genital malformation was not demonstrated [72-75] and 16 because the
case description lacked sufficient details to guide any classification.

Of the 52 cases defined in their respective papers by the authors as “unclassifiable”,
we were able to classify 45 cases (86.5%) using the embryological—clinical classification.
As for the remaining cases, after their revision, we concluded that one case was not a
genital malformation and that the other six were incompletely described, preventing their
correct classification. Table 3 shows the characteristics of the “unclassifiable” malforma-
tions according to their authors [10,76-106] and their classification group according to the
embryological—clinical classification system.

Finally, uterine duplicity with a blind hemivagina (or atresia) and ipsilateral RA
(malformation 2.1 of the embryological—clinical classification) were the most frequently
described malformations in the literature, which accounted for 128 of the 731 classified
cases, followed by 100 cases of urogenital sinus abnormalities.
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Table 3. Classification of the cases reported as unclassified by their authors using the embryological—clinical classification [6].

Embryological-
Reference Patients  Uterus Cervix Vagina Renal Agenesis Author’s Definition Clinical g‘l‘l‘:‘g‘:;‘; tion
Classification [6] P
. i1 vaod The classification of this
Cotekanetal. Septate Septate Longitudinal vaginal - o disorder is a subject of 3A51 Septate uterus.
Sep controversy.
Celik et al. Longitudinal vaginal o A Miillerian anomaly )
(2012) [105] 1 Septate Double septum Notinvestigated itk out classification. 3A51 Septate uterus.
Di Spiezio et al. Partial longitudinal . Longitudinal vaginal Miillerian tubercle anomaly,
(2007) [104] ! Normal Normal vaginal septum Notinvestigated  gopim, 382 resorption defect.
R‘jght unifﬁmuatc Unicornuate uterus with contralateral
Diehl et al. 1 ety I —C—— Single Left Unusual Miillerian 25 unattached but cavitated rudimentary horn
(2009) [10] it horn th;'t r 4 s nomaly. : and ipsilateral renal agenesis.
P — Ruptured left hematosalpinx.
Bicornis-unicollis uterus with a
non-communicating cavitated uterine horn.
Left unicomuate Patient with 4 laparotomies, 2 cesarean
Duhan et al. 1 uterus with cavitated  Single (communicated o 8 e Unclassified Miillerian GAL sections. -
(2016) [103] right horn that is with left cavity) =i O TEestga e variant. P Ttis possible that it is a septate/subseptate
non-communicating. uterus (3.A.5) and the septum and uterine
wall were sutured during second cesarean
section, closing the right hemicavity.
Duffy et al. Longitudinal vaginal R Rare Miillerian duct )
(20083 (1021 1 Septate Double s Not investigated malformation. 3.A5-1 Septate uterus.
Septate
Dunn et al. (only left cervix Longitudinal vaginal _ Miillerian tubercle anomaly, cervico-vaginal
(2004) [101] 1 Normal communicates with ~ septum No Rare Millerian anomaly. 3.8 fusion and resorption defects.
the uterine cavity)
Bicornuate, with a
ElSamanetal. hemie Llelt nda Single (communicated ;o No Unclassified new anomaly.  3.A.4-2 Bicornis-unicollis uterus with a
(2011) [100] non—comm}\’inicanng, with left cavity) . A non-communicating cavitated uterine horn.
cavitated right horn.
It has not been previously
included in the Unicornuate uterus with atretic
. ) N lassification of AFS. Th ua 1s W
:52‘(‘)%4“;12:}‘1“ al. Unicornuate Single Normal Not investigated ;:;;:);:"h'\(c’fu:mn ey 3A2 non-cavitated rudimentary horn, or
segmentary atresia.
anomaly as a subcategory
under Type IL.
The combination of a
uterovaginal septum with . P
: Malformative combination:
Fedele et al. tate e Septate + an imperforated 6 on:
(2012) (98] 1 Septate Septate imperforated hymen O hymen does not seem to fit  (3.A.5-1+5) Septate uterus + anomalies of the

into the existing
classification systems.

urogenital sinus.
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Table 3. Cont.

Embryological-
Reference Patients  Uterus Cervix Vagina Renal Agenesis Author’s Definition Clinical g‘l‘l‘:‘g‘;‘;‘; tion
Classification [6] Pt
Unicornuate § sentations
1 uterus withan oceult Normal N U“[“f?:‘f‘llprfge_“_'a'_‘["“b do 3A21 Unicornuate uterus with cavitated
cavitated rudimentary orma orma ° not fit into this system - non-communicated right uterine horn.
; horn. (AFS).
Frontino et al.
(2009) [97]
\lﬁtcornuate uterus Unusual presentations do Unicornuate uterus with cavitated
1 and right uterine Normal Normal Not investigated n:lt: gt into this system 3.A2-1 non-communicated right aterine horn.
nodule. ( )-
Normal uterus with ACUM. Unusua}1 u
Garofalo et al. accessory and . . presentations still do not Accessory and cavitated uterine masses with
(2017) [96] 1 cavitated uterine Normal Dormal Not investigated fit into this system (AFS, % normal terus.
mass. ESHRE).
r L Uterine duplicity with hematocolpos in
10 Didelphys Double F;‘r‘}dhl:eg‘l‘gf‘:)g‘““ 7 right, 3 left HWW syndrome. 21 blind hemivagina and ipsilateral renal
ght, agenesis.
Blind hemivagina + Malformative combinations:
Gholoum et al. i partially obstructing . HWW syndrome + other 6 Uterine duplicity with a blind hemivagina
(2006) [95] ! Didelphys Double e T oI Bobhr pathologies. (21+3B2) and ipsilateral renal agenesis + contralateral
septum incomplete transverse vaginal septum.
. ». . . Uterine duplicity with complete unilateral
1 Didelphys (without  gj01, Single Right FIWW syndrome + 25 cervico-vaginal atresia, hematometra and
communicating uteri) cervical atresia. P .
ipsilateral renal agenesis.
Bicornuate
Goluda et al. rudimentary uterine This case cannot be ki k d with rudi y
(2000‘(:) [agf” al 1 horns with Absent Absent No assigned to any group of 3.C uterine horns and endometriosis.
functioning the AFS classification. Hereditary renal cystic syndrome.
endometrium.
This unique type of
Guoetal. . Longitudinal vaginal - miillerian anomaly does y .
@011) [93] 1 Septate Double septum Notinvestigated not fall into the AFS 3451 Septate uterus.
classification.
Asymmetric septate . .
! A unique congenital ) . -
Gupta et al. uterus with ) el . Unicornuate uterus with atretic cavitated
(2007) [92] 1 non-communicating "8l Normal No Mullerian anomaly: 3A21 rudimentary horn.
right hemicavity. obert’s uterus.
This unusual miillerian
Double vagina with anomaly does not fit in the
Hundley et al. 1 Bicornuate Double partial longitudinal No commonly used 3A41 Bicornis-bicollis uterus with vaginal

(2001) [91]

vaginal septum

classification system
suggested by Buttram and
Gibbons.

longitudinal septum.
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Table 3. Cont.

Embryological-
Reference Patients  Uterus Cervix Vagina Renal Agenesis Author’s Definition Clinical g‘l‘l‘:‘g‘;‘;‘; tion
Classification [6] P
Malformative combination: i
Uterovesical fistula + Complex Millerian Utcr_mc (?up}llclty w:t_h cqmplctc umla}crgl
. anomaly of the b ity that b cervico-vaginal atresia with communicating
ey 1 Bicornuate Single urogenital sinus Right oAty that cannot be ("2 445) uteri and ipsilateral renal agenesis +
. (repaired at e et S A g anomaly of the urogenital sinus
childhood) is classification (AFS). (imperforated anus with anorectoplasty in
childhood).
Kisu et al. Normal uterine body, Eg:lééfsi(é‘niligz?é;céf\ﬂ Anomalies of the connection of the
3 1 Y Normal Normal No ! €O 3B2 Miillerian ducts with the Miillerian tubercle.
(2014) [90] separated from cervix. to the conventional Isthmic segmentary atresia
classification (ESHRE). 8 Y .
- o, This case report cannot be Malformative combination:
Somaretal 1 Double uterus with — Apent o WO N assigned toany groupof & o Rokitansky syndrome with cavitated horns +
- VTS the AFS classification. . left horn with vesical pseudofistula.
Hybrid Miillerian Duct Uterine duplicity with complete unilateral
Lima et al. o sm ey o anc cervico-vaginal atresia without
(2013) 1581 1 Bicornuate Single Single Left UL T el i 25 communicating uteri (left hematometra and
e O oL hematosalpinx) and ipsilateral renal
anomalies should be agenesis
revised. genesis.
M cal Rudimentai Unclassified Agenesis of both Miillerian ducts.
(20“1"3 “[essﬁf a didelphic uterus with  Absent Normal No e e mall 3.A1 Seven cm vagina. Normal right kidney.
fibroids. ¥ Duplex left kidney.
This tricavitated anomaly
of the uterus cannot be
Medema et al. - ) — clearly explained, - )
(2008 1851 1 Tricavitated Single Normal Not investigated according to the 3.A7 Tricavitated uterus.
classification for uterine
malformations by the AFS.
Pavone et al. Longitudinal vaginal A Miillerian anomal .
(2006) [54] 1 Septate Double septum No without a classification 3AS51 Septate uterus.
Sadik et al. Tricavitated and - Unknown anomaly of the . .
002 [83] 1 Fudimentary uterus Hypoplastic Normal No o Y 3.A7 Tricavitated uterus. Possible DES syndrome.
Cloacal anomalies. Malformative combination:
y . Common chamber. i etior Currently there is no 6 native on:
1 Bicornuate Undetermined Cloaca Not investigated universally accepted (3.A4+5) Qi:gz‘:};i: Sietrjsurogemta] sinus +
Samad et al. classification system. -
(2000) [82] Cloacal anomalies.
1 Normal Undetermined Common chamber. Not investigated Currently there is no 5 Anomaly of the urogenital sinus.

universally accepted
classification system.
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Table 3. Cont.

Embryological-
Reference Patients  Uterus Cervix Vagina Renal Agenesis Author’s Definition Clinical © 8““"‘;“““. "
Classification [6] ur Description
. A Miillerian anomaly S . N
Shirota et al. . Miillerian tubercle anomaly, cervico-vaginal
(2009) [51] 1 Normal Double Septate No Without any present 382 fusion and resorption defects. g
Arcuate uterus.
Tanaka et al. Complex Miillerian Right dermoid cyst.
(21,‘}33) ?;D]ﬂ - 1 Arcuate Normal Normal No malformation withoutany ~ 3.A.6 Absence of the left ovary and
present classification. fallopian tube. It may be due to ischemia
and atrophy from previous adnexal torsion.
e Miillerian tubercle anomaly, cervico-vaginal
s aal: 1 Normal Double Septate No SX{‘U“;:TYI Miillerian 3B2 fusion and resorption defects.
i Fibroid uterus.
Malformative combination:
Uterine duplicity with a blind hemivagina
Wenz et al. Didelphys + cloacal HWW syndrome. 6 and renal anomaly + anomaly of the
2020 (781 1 exstraph Double Left blind hemivagina ~ Horseshoe kidney ~ Multiple congenital @1+5) urogenital sinus.

Y anomalies. ) Patient with multiple surgeries in childhood,
it is difficult to know which anomalies are
congenital and which are secondary.

. Unusual reproductive tract
. Cavitatedfgad ) anomaly which is Hypoplasia of both Miillerian ducts.
Wright et al. h rudimentary horns, Al s mal Pancake pelvic o e ool 3A1 It o rtod i
o) 1771 ot connect VIS a a Kidney ging to explain AL seems to have an associated mesonephric
corvin Y from an embryologic anomaly due to pancake pelvic kidney.
standpoint.
This case is exceedingly ] ]
. 2 Anomalies of the connection of the
Jang ctal. 1 Normal uterine body, oy Normal No rareand hard toclassify 55, Millerian ducts with the Millerian tubercle.

isthmic agenesis

according to the
AFS classification.

Isthmic segmentary atresia.

AFS: American Fertility Society. ACUM: Accessory and cavitated uterine masses. ESHRE: European Society of Human Reproduction and Embryology. HWW: Herlyn-Werner-
Wiinderlich Syndrome.
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3.2. Suitability

In this section, we analyzed the completeness and accuracy of the classifications pro-
vided in the original publications, assessing whether the original classification matched that
of the embryological—clinical classification system. With the AFS classification, 101 cases of
genital malformation were described (see Table 1). Among them, only 20 cases matched the
embryological—clinical classification, eight did not match each other; in
73 cases [17,19,21,24,29,36,42,44,45,50,58,61,62,68,107-158], the classification of the mal-
formation using this system was incomplete because although the type of uterine anomaly
of the AFS classification matched that of the embryological—clinical classification, charac-
teristics of the urinary system or the vagina were overlooked when using the AFS system.
Thus, the embryological—clinical classification was more complete.

As for the ESHRE/ESGE classification, of 16 cases defined using this method (see
Table 1), six matched the embryological—clinical classification, six did not match either
classification, and four cases [159-162] presented an incomplete classification using the
ESHRE/ESGE system by overlooking RA or failing to describe the cervix and the vagina.

Despite the clear trend of non-classification, AFS is the most frequently used classifica-
tion system in the literature. However, the subtypes in the classification of female genital
tract malformations that we were able to identify using the embryological-clinical classifi-
cation are more specific or precise that those reported by authors using AFS. The dispersion
matrix (Table 4) shows that we were able to more accurately classify and subclassify. For
example, the 30 cases that were classified as type IIl according to the AFS system (didelphys
uteri) could be subclassified according to whether these double uteri were associated or
not with RA (1 isolated didelphys uterus), communication between both hemiuteri (1 not
communicating), and characteristics of the vagina (23 blind), among other characteris-
tics. In other words, the embryological—clinical classification provided a more accurate
classification of female genital tract malformations than the other classification systems.

Table 4. Dispersion matrix.

AFS Classification

I Ia Ia+1Ib Ib Ie 1I IIb 111 v
1.2 1
2.1 22 1
21+5 1
2.3 5
2.5 2 3 1
Embryloget lnial 355 1
3.A2 4 17
3.A3 1
3.A4 5 1
3.B.1 1 9 1
3B1+3A4 1
3.B.2 1 1 4 2

AFS: American Fertility Society.

4. Discussion

This study shows a non-classification trend in the literature. Although AFS [2] has
been the most used classification system, probably influenced by its publication year and
the study period of this review, many other classification systems have been proposed for
classifying complex female genital malformations (ESHRE/ESGE [4] and VCUAM [163],
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among others). However, only the embryological—clinical classification system analyses
embryological alterations to understand malformations.

In 2015, Di Spiezio Sardo et al. [164] published a systematic review of cases of malfor-
mation. They claimed that the ESHRE/ESGE classification provided a complete description
and classification of almost all known anomalies that had not been correctly classified
using the AFS system. The authors grouped the cases retrieved from articles by type of
malformation, not by number, which might have contributed to the favorable results. As
they defined, a key characteristic of an “ideal” classification system is to be comprehensive,
encompassing all possible variants and providing a clear description and classification.
However, neither the ESHRE/ESGE nor the AFS classification systems can be consid-
ered comprehensive because they either classify anomalies overlooking embryological
parameters, that is, without establishing a relationship between all components of the geni-
tourinary system, and they are incomplete by being solely based on uterine or uterovaginal
anomalies.

Towards solving this problem, the ASRM has recently published an update of the
AFS classification aimed at maintaining the simplicity of the system while simultaneously
expanding the classification to include anomaly categories [3]. Yet, surprisingly, this update
has disregarded state-of-the-art genitourinary embryology concepts, instead focusing on
morphological abnormalities of the Miillerian ducts and overlooking the entire urogenital
crest, urogenital sinus, and gubernaculum [7,165]. Imaging the malformation should
help us in the etiological and pathogenic diagnosis of the observed anomaly and possible
associated anomalies. However, neither the recent American nor the European classification
systems perform it. And images need to be appropriately interpreted, which cannot always
be done without the correct context.

In this systematic review, instead, using the descriptions retrieved from articles pub-
lished in the literature and the embryological—clinical classification, we have been able to
classify a high percentage of anomalies (89.9%), even those previously defined as unclassifi-
able by their authors. Only the malformations with missing data on their description or
a fundamental characteristic of their origin have not been classified in this study. These
results demonstrate the high applicability and its diagnostic capacity by shedding light on
aspects of the malformation that remain unclear when using other classification systems.

In addition, we also highlight the completeness and higher accuracy of the embryological—-
clinical classification. Using this system, we were able to differentiate one AFS [2] classifica-
tion group into five groups. Therefore, according to data on the renal system, characteristics
of the vagina or cervix, considered in the embryological—clinical classification, enable much
more refining of the subclassification type within a group of uterine anomalies. This re-
finement may have implications for reproductive results, as demonstrated in the study by
Acién et al. [166], which showed that the reproductive prognosis is more successful for a
given type of uterine anomaly in patients with associated RA.

Although the usefulness of the embryological—clinical classification system is not the
aim of this research as it has been previously addressed in other papers by our group [167],
as shown in this study, the lack of data on the renal system prevents us from being able
to adequately classify some malformations when using the embryological—clinical system.
This and the anatomical details of the cervix and vagina are necessary for its use, to
understand the reason for the anomalies, the correct interpretation of the images [168] or
maybe even to find the most appropriate surgical solution for the patient [167] specially in
the most complex cases [169-171].

The most complex cases are the most published in the literature. First, uterine duplicity
with a blind hemivagina (or atresia) and ipsilateral RA, which account for 128 of the 731
cases classified in the literature, followed by urogenital sinus abnormalities (100 cases). In
both situations, the authors most likely decide to publish a case report because of their
striking description.

We have detected two published cases of genital malformations whose diagnosis has
generated disagreement. Briosa et al. [172] have described a case of suspicion of Mayer—
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Rokitansky-Kiister-Hauser (MRKH) syndrome for uterine duplication with a normal left
hemiuterus and a right non-communicating cavitated rudimentary horn, single cervix and
vagina, and right RA, suggesting not only a Miillerian but also a Wolffian anomaly (type 2.5
of the embryological—clinical classification [6]). Capito et al. [173] have described menstrual
retention in a Robert’s uterus; however, the anomaly was a non-communicating cavity,
with hematometra, and without connection to the fallopian tube, suggesting an accessory
and cavitated uterine mass (type 4 of the embryological—clinical classification [6]), not an
asymmetric uterine septum. Accordingly, we insist that knowing the correct genitourinary
embryology is essential for studying, diagnosing, and subsequently treating genital mal-
formations, especially complex malformations that lead to early gynecological and later
reproductive problems, particularly in young adolescent patients [167]. This knowledge is
maintained by the clinical-embryological classification system through the comprehension
of the malformation as a whole.

4.1. Strengths and Limitations

Several case reports fail to describe the complete anomaly, ignoring crucial characteris-
tics for its classification. Besides that, the most complex cases are the most published in the
literature, indicating a bias.

On the other hand, the non-classification trend implies another limitation for this
study, since this fact has prevented us from further study of the suitability assessment.

Some cases, especially those with anomalies that affect the connection between
Miillerian ducts and Miillerian tubercle, may apparently not fit into the embryological—-
clinical classification, showing that this classification system necessitates additional review
and update.

4.2. Interpretation

Female genital malformations may lead to significant gynecological symptoms. The
malformation itself, as well as the management to solve the symptoms, can also compro-
mise the reproductive health of patients. The embryological—clinical classification system
supports the embryological origin of female genital malformations to better understand
the clinical cases allowing an appropriate and individualized therapeutic approach [167].

Considering the above, the embryological—clinical classification system for female
genital malformations may surpass the limitations of other classification systems because
embryological analysis should be the basis for understanding and investigating malfor-
mations of the female genitourinary tract, especially complex anomalies. Knowing the
embryological background may enable the physicians to more adequately counsel and
treat each case [167].

This study demonstrates the applicability and suitability of the embryological—clinical
classification system when classifying anomalies of the female genital tract. A system based
on this foundation empowers physicians with an effective and comprehensive tool for
classifying nearly all currently known anomalies of the female genital tract.

5. Conclusions

AFS has been the most used classification system, but using the embryological—clinical
classification to analyze descriptions of female genital anomalies published in case re-
ports, we have been able to classify 89.9% of cases, as well as 86.5% of cases defined as
unclassifiable in those studies. Therefore, the embryological—clinical classification is highly
applicable. Similarly, we have shown the completeness and higher accuracy of this clas-
sification, which makes it possible to specify and subclassify more cases than the other
systems. As such, the embryological—clinical classification is considered more suitable.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13102988/s1, Supplementary Materials: Embryological-
clinical classification.
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Anexo D

Registro de invencion de software

Fundacion Fisabio. FS_FOR048 (numero de registro 1-23-02)

Software en forma de plataforma informatica o app que permite la clasificacion de
las malformaciones del aparato genito-urinario femenino desde las simples uterinas
a las anomalias mas complejas. El software es capaz de indicar qué aspectos con-
viene aclarar (pruebas diagnosticas necesarias) cuando no es capaz de establecer la
clasificacion definitiva del caso y, aportar una orientacion sobre la mejor resolucion
quirdrgica una vez se establece la clasificacion definitiva.
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Anexo D. Registro de invencion de software

FORMULARIO INVENCION % GENERALITAT :.{ Fundacié
VALENCIANA isabi
Q Fisabio
Codigo: FS_FOR048 Revision: 07 Pig.1de8

El objetivo de este formulario, de caracter confidencial, es recoger informacién basica para evaluar la potencial
aplicacion de los resultados de |+D+i generados en el ambito de FISABIO y determinar, en su caso, la forma mas
adecuada de proteger y difundir dichos conocimientos.*

Trate de responder a todos los apartados que pueda, pero deje en blanco los que no sepa responder para rellenarlos
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junto con el personal técnico de la Fundacion.
Una vez cumplimentado firme electrénicamente y remitalo por correo electrénico a: innovacion_fisabio@gva.es
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3 Contratado/a Fisabio; Contratado/a Fisabio en formacién (doctorando/a)

“Porcentaje de participacion de cada inventor/autor en la obtencién de la invencion/obra. De no especificarse se entendera que es a

partes iguales para todos ellos.

5 Personal de Conselleria; Personal de Conselleria en formacion (MIR); Plaza vinculada

*No sera necesario completar la totalidad de este formulario cuando se disponga de informacion suficiente bien a través de una

solicitud de ayudas de I+D+i o bien a través de formulario equivalente procedente de otra Entidad.
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VALENCIANA i 1
Q Fisabio
Cddigo: FS_FOR048 Revisién: 07 Pag.2de8
Servicio/Area VincUlacié I B -
Nombre y apellidos2:  |DNI Teléfono Olncu acton con e orcentaje 3
. rganismo participacion
Correo electrénico
MI Acién Sanchez Dpto Salud Publica. P_rofesor titular 259,
UMH vinculado
Pedro Acién Alvarez UMH Profesor emérito 20%
Subtotal (C) 45 %
TOTAL (A+B+C) 100%

FIRMA DE TODOS/AS LOS INVENTORES/AS O AUTORES/AS:
Este informe se presenta a FISABIO en cumplimiento del deber de comunicaciéon establecido en la
legislacion vigente: Art. 18 de la Ley 24/2015, de 24 de julio, de Patentes de Invencién y Modelos de
Utilidad.
La(s) persona(s) abajo firmante(s) certifica(mos) que toda la informacion facilitada es correcta y completa
en la medida de nuestro mejor conocimiento.

Fecha: 5 de Febrero 2023

Nombre y Apellidos Firma

M. Acién

V. Navarro

P. Acién

Los arriba firmantes declaran que:

X[] Tienen interés en que el resultado sea protegido
[] No tienen interés en que el resultado sea protegido
PROTECCION DE DATOS

De conformidad con la legislacion de Proteccion de Datos en vigor, los datos personales proporcionados seran tratados por la
Fundacién para la Investigacién Sanitaria y Biomédica de la Comunitat Valenciana (en adelante “Fisabio”) con la finalidad de recoger
informacion basica para evaluar la potencial aplicacién de los resultados de |+D+i generados en el ambito de FISABIO y determinar,
en su caso, la forma mas adecuada de proteger y difundir dichos conocimientos, siendo la base legitimadora el consentimiento dado
por el interesado al firmar el presente documento o manifestar su consentimiento de manera expresa. El hecho de no facilitar los
datos supone la imposibilidad de cumplir con la finalidad para la que los datos fueron recogidos. Asimismo, FISABIO podra tratar sus
datos para enviarle informacién sobre su actividad, amparandose esta en el interés legitimo al considerar que existe una relacion
previa con Usted. Ademas, le informamos que podra retirar su consentimiento en cualquier momento. Para cualquier duda o
consulta, puede ponerse en contacto con nuestro DPO mediante el envio de un correo electrénico a dpd@gva.es. Los datos seran
conservados mientras no revoque el consentimiento prestado o solicite la supresién de sus datos o la oposicién al tratamiento, y sin
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FORMULARIO INVENCION

GENERALITAT
VALENCIANA

$44 funsaci

Cédigo: FS_FOR048

Revisién: 07

Pag.3de8

perjuicio de su conservacion mientras persistan las obligaciones legales. Los datos no seran comunicados a terceros, salvo por
obligacion legal. Los datos seran tratados de forma confidencial, sin perjuicio de que el interesado pueda ejercitar sus derechos de
acceso, rectificacion, supresién, oposicion, limitacion al tratamiento y portabilidad, respecto de sus datos de caracter personal, asi
como la posibilidad de revocar su consentimiento, los cuales puede ejercitar mediante el envio de un mensaje de correo electrénico a
fisabio@gva.es. También podra ejercitarlos por correo postal a la direccion Avda. de Catalunya n°® 21 de Valencia, mediante solicitud
escrita acompafada de la copia del DNI. Ademas, le informamos que podra presentar una reclamacién ante la AEPD en el caso de
considerar que el tratamiento no se ajusta a la normativa vigente.
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FORMULARIO INVENCION % GENERALITAT :.{ Fundacié
VALENCIANA isabi
Q Fisabio
Cédigo: FS_FOR048 Revision: 07 Pag.4de 8

INFORMACION SOBRE EL RESULTADO O INVENCION

Titulo

SOFTWARE DE AYUDA EN LAS MALFORMACIONES GENITALES
COMPLEJAS

Campo

[] Biotecnologia y diagndstico molecular

[ Materiales y dispositivos

[J Medicamentos y productos farmacéuticos
[J Innovacién asistencial u organizativa

[ Imagen

X[ TICs salud

[ Otros: .o

Objeto

Indicar el objeto de la invencién (elija una o varias opciones)

[ un nuevo producto (considerar “producto” en sentido general)
[J un nuevo procedimiento de invencién

[] mejora de un producto existente

[] mejora de un proceso existente

X[ un servicio nuevo o mejorado

Origen/
Financiacién

El resultado o invencién se ha generado en el desarrollo de:

X[ un proyecto de investigacion (citar titulo, entidad financiadora y cédigo de referencia)

Proyecto de tesis doctoral: Investigacion en malformaciones genitales femeninas: clasificacion

embrioldgica y correccién quirdrgica.

[ un proyecto de investigacion con participacion empresarial (citar titulo, entidad
financiadora, empresa y cédigo de referencia)

[ un contrato/convenio de investigacion (citar nombre de la empresa/entidad)

[ la actividad profesional cotidiana (sin financiacion externa)

[ otras circunstancias

En funcién de la respuesta, indique la informacién solicitada:

¢ Dispone de recursos previstos que puedan ser destinados a cubrir los gastos de proteccion de los
resultados de investigacion? [] SI X [] NO

Titularidad

La titularidad de una posible patente, ;debe ser compartida con otra entidad? X (] SI [] NO
En caso afirmativo:

¢con qué entidad(es)? UMH

¢en qué porcentaje debe ser propietaria FISABIO? 40%

¢ existe algiin documento contractual que asi lo acredita? [] SI x [] NO

Palabras
clave para
busqueda de
antecedentes

Espafiol:
Inglés:

Area de
aplicacion

Seqgun las diferentes areas o especialidades sanitarias/no sanitarias:
[ Alergia/Inmunologia

[ cardiovascular

[ Cirugia
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§ VALENCIANA Fisabio

Cédigo: FS_FOR048 Revisién: 07 Pag.5de 8

x[_] Ginecologia, Urologia, Cirugia Pediatrica, Radiodiagnéstico

BREVE RESUMEN DE LA INVENCION / OBRA CON LAS CARACTERISTICAS TECNICAS
ESENCIALES (maximo 1-2 paginas)

Incluir el objeto de la invencién, en qué consiste, el problema técnico que resuelve (necesidad no
cubierta o problema relevante que soluciona); qué ventajas aporta respecto al estado de la técnica actual
y cuales son sus limitaciones.

Adjuntar la documentacién adicional, figuras, tablas, etc. que ayuden a explicar el objeto de la invencién

(en este formulario o en otro archivo adjunto).En el caso de un desarrollo informatico cumplimentar el Anexo de
licencias utilizadas.

Software en forma de plataforma informatica o app que permite la clasificacion de las malformaciones
del aparato genito-urinario femenino desde las simples uterinas a las anomalias mas complejas. El
software es capaz de indicar qué aspectos conviene aclarar (pruebas diagndsticas necesarias) cuando no
es capaz de establecer la clasificacion definitiva del caso y, aportar una orientacidn sobre la mejor
resolucidn quirdrgica una vez se establece la clasificacion definitiva.

Se ha llevado a cabo una revision sistematica de los casos de malformacidn genital reportados en la
literatura en los ultimos 20 afios encontrando que en el 75% de los casos, los autores no han propuesto
una clasificaciéon del caso por ninguno de los sistemas de clasificacion vigentes o incluso los han
comunicado como inclasificables. La aplicacion de la clasificacion embrioldgico-clinica ha permitido la
clasificacion del 90% de los casos y, apunta la falta del dato anatémico clave que permite diferenciar
entre dos grupos de clasificacion, en el 10% restante. El software incluye la informacién de la base de
datos obtenida durante la revisidn sistematica de la literatura a modo de machine learning. Ademas, y
dado que la clasificacién embrioldgico-clinica se basa en la alteracion de la embriologia para comprender
la malformacién de forma global, aporta informacidn sobre cual ha sido su origen embrioldgico y puede
ofrecer o ayudar a planificar una actitud terapéutica mas adecuada e individualizada para la resolucién
quirurgica del caso una vez se establece el diagndstico definitivo.

Las malformaciones del aparato genital femenino son frecuentes, apareciendo en el 3% de todas las
mujeres, en el 4% de las mujeres estériles y en el 15% de aquellas que presentan abortos de repeticion.
Sin embargo, no siempre son detectadas, causando importante sintomatologia y, por tanto, afectacion
de la calidad de vida de la paciente.

Para su clasificacidon la tendencia en la literatura cientifica ha sido seguir las clasificaciones basadas en el
desarrollo miilleriano; sistemas como el de la American Fertility Society (AFS) (Fertil Steril 1988;49:944-
955), recientemente actualizado en la clasificacién de la American Society of Reproductive Medicine
(ASRM) (Fertil Steril VOL. 116 NO. 5 / NOVEMBER 2021), o la clasificacion de anomalias genitales
femeninas de la Sociedad Europea de Reproduccion Humana y Embriologia (ESHRE) / Sociedad Europea
de Endoscopia Ginecoldgica (ESGE) (Human Reprod 2013;28:2032-2044).

Sin embargo, estas clasificaciones son sélo miillerianas/uterinas, y no nos aportan informacion sobre el
origen de la malformacién. Por el contrario, la clasificacién embriolégico-clinica de las malformaciones
genitales femeninas propuesta por Acién P en 1992, modificada en 2004 (Acién P et al, Hum Reprod
2004;10:2377-84) y actualizada en 2011 (Acién P and Acién M, Hum Reprod Update 2011;17:693-705),
se basa en la correlacién entre el origen embrioldgico y la anomalia observada en todo el tracto genital
femenino, incluyendo el sistema urinario, con el fin de poder completar el diagnéstico y proponer la
actuacion terapéutica mds adecuada y simple.

El software toma la informacidn de una revisidn sistematica de la literatura que hemos realizado
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FORMULARIO INVENCION % GENERALITAT :.{ Fundacié
VALENCIANA isabi
Q Fisabio
Cédigo: FS_FOR048 Revision: 07 Pig.6de 8

(Machine Learning: case reports que los autores no han podido/sabido clasificar), junto al conocimiento
desarrollado a lo largo de los afios por nuestro grupo de investigacion (teoria embrioldgica, clasificacidn,
tratamiento) con bastantes publicaciones de alto impacto al respecto, y basadas en nuestra experiencia
clinica. De este modo, ademas del machine learning con la base de datos, se crea un método de refuerzo
para combinar con el anterior para que el software sepa lo que tiene que clasificar ensefidandole con
algoritmos para que no se equivoque.

NOVEDAD

Enumere otras soluciones alternativas a su resultado/invencién que ya existen en el mercado
actualmente, asi como las empresas del sector donde se referencia:

No se conocen desarrollos similares en el mundo a excepcién de una herramienta
educativa desarrollada por la American Society of Reproductive Medicine para el
empleo de su nueva clasificacion (ASRM MAC 2021 tool), que esta basada
meramente en la imagenologia y que resulta bastante compleja de manejar.

Indique las principales ventajas técnicas de su resultado/invencion respecto a las soluciones
citadas anteriormente:

En la innovacidn aqui presentada, se emplean los datos que el especialista médico
(usuario final) introduzca en un desplegable de opciones para la morfologia del
Utero, ovarios, cérvix, vagina, riflones. Estos datos serian obtenidos de la exploraciéon
fisica y pruebas complementarias pedidas por el especialista (ecografia, urografia,
Ventajas resonancia...) a la paciente. El software aporta entonces una clasificacion segun la
clasificacion embrioldgico-clinica. En caso de que falten datos por introducir (porque
faltasen estudios de la paciente) apuntaria lo que faltaria aclarar para poder dar una
clasificacion definitiva. Teniendo esta, el sistema propone la mejor soluciéon
quirdrgica para el caso. Se trata pues de un software de apoyo para ginecdlogos,
cirujanos, pediatras, urélogos, radidlogos... y todos aquellos especialistas médicos
implicados en la atencién de pacientes con malformaciones genitales.

Alternativas

ESTADO DE DESARROLLO
[ Idea

X[] Desarrollo en laboratorio (algunas pruebas preclinicas)

Estado actual de | X[] Disponible para demostracion (existe prototipo)1° version

desarrollo [] Disponible para demostracién (primera validacion clinica realizada)

[ Desarrollo para produccién (ensayos clinicos realizados; necesarios algunos
desarrollos para su comercializacién o implantacion)

[ Vvalidacién experimental

Necesidad de [ Prototipo
desarrollos x[] Validacién clinica. Desarrollo de cédigo como producto saniatrio
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DIFUSION DEL RESULTADO O INVENCION
¢ Se ha realizado algun tipo de difusién del resultado u objeto de la invencion? [1SI X[ NO

En caso afirmativo, indicar medio de difusién, fecha y contenido:

[ tesis, tesinas, proyectos fin de carrera o master, y en general trabajos escritos para la obtencién de un grado o
cualificacion académica.

[ cursos, seminarios, conferencias

[ correspondencia

[ solicitudes de proyectos y becas

[ posters y/o comunicaciones orales en congresos, foros o ferias
[ publicaciones en web

[ publicaciones en revistas o libros

[ informes parciales de seguimiento

[ informes de avance de proyectos colaborativos

[ informacién facilitada a empresas e instituciones

En funcién de la respuesta, indique la informacion solicitada:

Si no se ha publicado todavia,

¢El resultado o articulo ha sido enviado a alguna revista /medio de comunicacion? [1SI X [J NO
¢ Se tiene intencion de publicar / presentar proximamente? X[(] SI  [] NO

Indicar fecha estimada de publicaciéon en ambos casos. 2023

POTENCIAL COMERCIAL

¢,Conoce alguna empresa que, a priori, pudiera estar interesada en este resultado/invencion?

O si X NO

En caso afirmativo, indique cual(es):

¢ Se ha contactado ya con alguna empresa para su posible transferencia y explotacion? []SI X [] NO

En caso afirmativo, ¢ con cuél(es)? ¢se ha firmado acuerdo de confidencialidad? Indicar fecha y persona de contacto.
Se ha contactado con ITI para un posible desarrollo conjunto a través de las ayudas de valorizacion AVI

¢A qué sectores industriales se dirige el resultado/invenciéon?
Sector sanitario

iGracias por su colaboracion!
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ANEXO DESCRIPCION DE LICENCIAS UTILIZADAS

Esta licencia de la libreria y/o

. . rograma
Librerias y/o . o g .
o . . .. - . A. éPermite la explotacion
programas utilizados | Tipo de licencia (incluir link o adjuntar pdf con comercial del software
en el desarrollo o la licencia en apartado) desarrollado?
incluidos en el cédigo ) -
& B. éExige distribuir el cédigo
fuente?

Explicar brevemente el tipo de dependencia de las librerias entre si (ensambladas, llamadas externas ...)
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A la Dra. Maribel Acién, directora de tesis, por animarme hace unos anos a iniciar este
proyecto y adentrarme en el Programa de Doctorado, asi como al Dr. Pedro Aciéen,
tutor de tesis, por ensenarme tanto de esta linea de estudio e investigacion que tan

bien conoce.
A mi familia al completo, porque sin su apoyo no hubiera sido capaz de ser
perseverante y llegar hasta el final. Quiero expresar mi gratitud a mis padres y a mi
hermana por haber fundado en mi un ambiente de constancia. Y, a Mar, porque aun
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la tesis’.
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animo cada vez que todo se veia negro, y mira que han sido veces... Gracias por
ayudarme, no solo psicologicamente sino también con el trabajo informatico que tan
de cabeza me llevaba. iQueé seria de este documento sin ti! Siempre mantendreé tu
‘darrere de ['u ve el dos”

Y, por ultimo, y no por ello menos importantes, no me olvido de mis amigas y
companeros de trabajo, que siempre han mostrado su interés y preocupacion por la
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